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1. 
«*!.%%«€ toy ,jr«d4©«t© i^v® »•%%#%»©©», 
whi-mU #sa hm stm4le4. ««air#mi@atly im a j»«^a®%l« 
ar« te®tm-»Fa.ys, fO-siti'®a« anl sa*«-*raya. B«%a-rays ®ta€ p©@t-
tTOas ®®a h@ 4®t#et®t tl.r®etiy# ®i.« gaMa-ifajs ttrm 
fey «#«a» &t ,fitOtQ®l««-ftr&as tii a saitatel® 
jratiato*. 
IFi.® p3r©l>l®M @o.asii.«jr©i hmitm Is tb® -fi^ si.ga iiai. mmm 
mt « «aga#ti# 3.«a» J"©f tfti® €®%#riaifta,ti©B. ©f 
gSMa-ray #a#jpgl#8 of 0®^,, ®»€ 
1, 1&« Kagftsti® %mmm 
!• Pi*®yl»«g irorM* 
Bm®«b |JL| fcai! shown that @a axi«lJly fty»a®'fes'i0 ««g--
ii@tl£i will foeus la a «aatt«if -r#!^ siailair' to 
way Im whisb aa 0|»t».l®«l l#a« wijll fo@iis iiglit.. PsutssJa, 
'Slllot-t- aat .l*aa.© |5) feat'® tli# Ifo.sal l®sgtli isjat 
tra|®e%orlas toif m mtioT^ at a partlsmlas* 
Mh&p®* Th9f mlmm iav#etlga%®€ wrian® s^thmw msp«e%s ©f tfa® 
t&ija snefe -as %h.m «af tras®-
Mis-slmi. o-f- -fefc© A smm^mr ©f iiaga®%l.@ i@as "te^ta-
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hmmmm mmm m Im hmelULm^vmM, mwm% tmm 
mLfWp tfc# iiisetPoi^ .t»r Im a®% m hl^ wmml-m%%©m 
ip«iitis0i»%«i' i« ^€@rtt.«€3  ^
i^ #a high r#»oluttoiai i» ^®b# il:#it#v«atas«- ©<* 3^^ ® tiiim 
mpm^mam^w i® ttm* i% #aa^ t »s#t m@ 
,4a®%»wiat »., ttt® 11.# tm^% tl«t fl@M is- mm  ^
jri.»s .jpttbs, 1% 
*118% toy ©f a, g8Wi«»rmy,. ^ «a#rgr ©f 
*pM1^ t« kMwm. &m®mm%m3L^0. 
i l l -  hmm w^Qwrn  th iM Immm tmwmXm im 
©ptl@» ig Ts3.lt Itt %hm ®mm ot %k# thia Immm 
%m%. m tw&m Wm m@mm t® thm 
©©il,, • tfe# €i®tan@# tT&m tk« ©©ttat#!? ft© thm mmtmr 
•mt %%m ®#ii, «sA f t&mmX i®sg^ ©f tk© -^©a 
i f fil 
MmrnXm €«ri'r©i. %y is©^ {Ij mw 
i©a«feM ©f a lea® is 
4{H/0)^ , » 
^ = 7=P(IiII" 
wlLeKT© If' t© ^© to&mX itt %km- iia^ ««a%«iia ^s>t %li9 
f©©m©'^  rnXmtmm X&. 'm«mm»^m mm§L^ X|si| ORgftAti© fi©lA 
rnXmim ©ici»  ^ @f ©@il. itt #«»©,•. lttt©ti:#» |i|' ©©A (ti 
mmm €«?i-r©A f^ ti© £©il@«iai« @©^iti©M$' (Xl 
m%mw%tsm « f©i«* ©a t.to© ©si© ©f- tit© M^aeti©' fi©l#.» {2) 
4 
wmy ©los® -tMrn amis ©t %im mgOieti© fi@ld» 
{31 a ri«id @QJifi«#A m iiaitM. mmw %lm 
m&S.l m€. 14) & tmm %lm mxtm mt the 
rtsM tJa» wM.i» fft#«iag *«b« *api®ti© 
€.if :®%«imM0OS ®f soti®a. mt aa 
@Jf a iim«s Jtt ® ia a aiiga«ti@ f i#M W ar# 
r» p s • ft X ifl 
- A C3) 
p s 
nife®.!?# F.i» fiMP®® w@*®r, y tfe® ir«@t©i?» ? tii® 
p©idti©s wmm%m msA ^ Aet l3i^ i«at«s- tte %©%«! €«jri*ratiir® 
r#0|p»®t ^ tt.a®. Bias®, a©^ is 4©a® ©a ®l®®%i^ a 
Mkgiiati® JMl®M '^ bii S9®®A« mni hmmm mm.mm^. is m 
e#sii%amt: #f tJte ^ti#a.« fte iftiMajl ar® 
?C®-) s % mm pWl ••» %-. 141 
y@ir a ®®#@M mtmtm&g ia %h& mwmm Mr®®ti#a 
tmm t'M SM®. i@ii^  ^ a[©%i@a ar® 
?• . .If' X ffjl ana ?' - »•#'. (5) 
wb®^® ^ jprifli'S %m tib® 8®®@j^  jpajrti®!®.* f&e initial 
®0mtiM©as tm- aaaoai |ia?ti@l» ai*® 
f«|0| s % aaA f*|0| « £f®, C6) 
i^ ®x*® £ Jji a 
MmM.m ^ fQllnpia^ %rattaf®r*atioJa ©f -rasiabl®®,' 
S « J'. F • {l/e)p« aaa * S e(a/m*)t {71 
and s««1>iag ff* « &S, S<}S. ($] tken baeeos 
5 
mat W. 9 
ijattlaJL waii"tt©ai ms^m 
lloj s W H O }  « % mm. F(#r» ii/eW*W • ¥©• C9) 
-Imt iat-tlal n® at 1*4©as «ii@ ®«a«- ms fmm 
fijpst- ^«3Pttisl«* 'Mlmm Mqm, |3| Ci) @Jf# 0f t&e saa# 
It t&iXmwm tlt&t s ftM ttoat tte#' tmieetesf ©C ti«. 
s#@oai paytl®JL« iwill ¥® %m mmm mm t®3t ttm% pai?ti©l«» 
8«0@iii pairtl©!.# will,, hmmmw^ tTrnvmrnm Its ®rMt wtWa. a 
sf»«€ ~ tlaa® tkat fe.jr tfe# first pajrtl®!©^ It ^«r»f®r# 
f€»JL3l©wa tMat Im m&mv t© hmwm w€ &ttm3tmm% ii@»en%m 
€@s®ri^  %Mm memm traJ@#t®jfy wUme^ startlog tmm tm mmmm 
polAt «M im. tlb# @»® i.iJNi#ti#fi «sa®tl@ flaM. att»t 
pKopc t^lottftl t& tM# »jasa^« of %.hm 
Slja#a %M @Amwm ara TalM f mar i^ -
&atl@ fiaM it foJUlQfw t&at tmw « iTOa»-fr«® '^ ll 
H/® s Ml,  ( tQ l  
wMai^  M,^ %® tba @f tte f©ettsaft al#atx©s lit gaiiae^aa* 
I &mm '^ la tM# ^11 la wi^ yaa aat Ic a aapana-
las ®ft akajpa aat mw^mr of twas la tka ®®i3L att€ t&# 
p©M.tl@;a@ @f t:ba aaS imaga* a»jot«ai^ m « in 
®ama»-@a,. will la €afifflet la tlia aaact ^ajragrajpfe* li|ttati®.a 
|100 ia ito® f tts.ia««ital a%aati©». f w tlta- ®p©et.®&®et«3P* 
la ®3?d®3p t@ obtaia aa @3^aasi©a t&r thm eaairgy ®f 
%hm f#@ms#t ala©t»©ms a» a.ftta@tl©m ©f tMa yalatl-rlatla • 
6 
tm aM mmmieey mm^m tm %km ©as® 
#f em amwtm t© m nm^trnwrn 
fi@M 9t S 
Mmw = fill 
m iB Wim ©hmjtigm && tb§i #1®#%^& Itt &•»•»•« T tb@ sp««i 
df #l@«%i%A Im 9s/««®, p raAim» ^ ©ir i^ilwr @rMt 
ia ®« «at m %hm r#latifisti® aass la gm*. f&« asweatoa 
1& is t«fla9t mm «?/#• .Br®®. Sq* (11| 
* *  -  H « ( 0  »  , , y ,  ( 1 2 }  
wte»3r® (9 « •/©,, © is til® ®p@®4 «f 11^% is th® rmm% 
mmmm mt mXm%mm*. ^® Masti® ®aeirgf- B ®f tmmmmiL 
®l®®tiie>ft 9^ Im mitm* w.itt®ft 
X s C13J 
y i<»^* 
XliMimsktiiig Y I'xtott Bt®* C12-) am# C13| B 
®i*gs t® mmw Wtm fmiXomtim ®t«attoa is ®^%®ia®4 
* a y#.t4l + t.ff m - ®.§11. (14} 
ftoi® ®twiti@tt »©lv@€ Mp gi:*®s 
H/» ysCB •» 1..022). (15) 
»q«ati©fi8 €10), (141 anA (151 «»e «i®«^ la %b» ealUfeimtioa ®!f 
tte lmstx%fl®at msA la %M ®®l@mlatl®»® ®f 
f 
II# mMmw m 'Tm *AS»S«C ts'is 
A». latr©#ti©tiou 
D#mtjseh;,.. Blllstt Svaas C§| aalc# the foll©«l.ng 
©©ataentj "l^eu ® ©oiapenent ®.f'»#§»«tie jfi«M Eromal to 
tfe® sxi-s ot fcJ"® sp®-ctreara©ter- will hafe m &mi?lonm ©n %fc® 
slue© tia# psfcti leiRgtli is m& gF®«t«® In O'wm 
©•3Ep«rla«».t tli@f fatiB# ttittt wltM tts# tw© ia#t«r® 
l©ag sis€ %>-!.© ii}.st«»taw®»t pro-- orl\- all,ga«€ f@r wry liigto #ii#rgy 
fcalf the «l®©%roi5» trai3«aitt©€ •fcli.ro'ttgii 
tiso cottiitar wlii'€#w «% 1 *«¥ mnM m& vrnwrn t;rari^ ii%fc®4 
tml^m 0*15 iimwrn Jnn s©lttti0» of woaM tee fco 
€Gmpmnmm%m foi* field wifclj at pstlr of 
H©lfflli.©l%m eo Is smrr-otindlBg tb#- s:pdetro»#t©r* Bemtsch# 
Blltiot.fc aad B'vaas muggmmt %li«t th# soliiti-^o w©iil<l b# to 
tbo witH Its mmIs pmrall®! fc© tb® 
i!iagi5# ti«  f i©ia»  a l so  Bn.gg«sfe that ifc W'0«14 "hm a®sir«bl© 
fc© ask.# fcb# Traeuiatt ©h»abo,i?^ of al,ia»la». In m3t&mr r«dme« fcfe# 
seatt^-.i'liig -^tMa %hm ebsoab®!* to a mtoiwtta# Botto ©f.tlies® .-
s«^g«sti#».» fe«ire l3«®« adopted in the #«slga Off tfa# itp@efc:r©ii®ter 
d«.s0i?ib«!i, la. fcbls ,p«p#i»» 
B* "fla® Cbsato^r 
.4 gefcoaatle d;la4fr«» of th« 1«j3s speotr-oiiiefcer la 
B 
mhmn ia fig.# 'ClI. tli# mmrnhrnst mmBlmtm &t mm alwintiiii 
%mM-m 100.,f mm leag.» Xf*B &m ©mtsit# ai.s««t@r .aaA 0 ,$Z  wall 
Thm l@fi.gtli &t thm Is Stt©& tMat wit.1.. %h.m mm€ 
plmtmm tm pXmmm ti.® mhmmhms'' 1,» m®a:rlF WQ mm kmmM* 
M-©®^r«a« a^® ag#i tm tfe® «ai f>.la^#« ?©r "vmmmm s#al.s» 
BaCfl##- At B-t S «ai 1 mmm aai® of .aS.«@i»i.ii l,tf -m. 
tiii©k» SaJtfl® A #rw«ii%s #3.#-®tyoas trmm almaiaiw 
%«.b-« >®iw®.®a t%# toajpfl# i%s#lf aa.A th..@ ©@«.t.#r mt th® 
Thtm t« iat®a€«4 to mt iate 
'Q&mt.mWrn Mmttlm M Mmttmmm %Mm #ist»a®# &t tb# 
«l@0trona tw&m tli# axis. #r %.b@ at %li« ©f 
tk® •ais immimmm ilstaa©# i-s f ,.f oa. Oarr#® |1| sli®w 
tM.® »ii«l dist«me#s mt tMm-m #.l««%r®.»s fjr^a Mhm axis ©f tli® 
mm t&#y fys* tb© fe# %&« ©©matoy# 
ISt© ®f mmwrnm to %.Ii« @©atejp ©f 
tl.® 0©.ll aa.t frf>a t&® @enter Q.f tb-® ©oil tm @o.mttte3p mrm 
mmmwXf li^ fai.gli* lia@s.» Mmttlm ^ is %o & hwmmm ro€ 
whX&h m. {Z3\ «@«1 ia .%Mm &mA plat© at 
%hm mm€ Qt -tJi# wmmwm- ly :ffl@&as ©f ttoi.s 
%.af2Pl# Q ®«a'taJte« mmy p^sitioa fe«.tw®@ji tfe# .l«et. te«ffl« y aal 
hwkttlm »• Bmttim 0 €#.£!•»## tb# alaiaw tlsttta®# -©f tit®. @1®#^-
tj?©ms tmm tk© axis ©r .at tk® &t tfc# 
®©il.,, S&i.® #i®taa©« 1® 4.»'0 ««• Qmmmm .ft) mh^w tM« 
.ir®41«l tlstaae®# -mt -.©Im^trotts fTO« tin# axi® ©f tli« 
ii|f0@tr©a#t#r m %h@f tfair®! f,jro,m the t® t&@ ii@mat®i»-.. 







SCALE;0  ^0  cm 
Fig. I SCHEMATIC DIAGRAM OF BETA-RAY SPECTROMETER 
m 
%ii,@ eoil is 0a® ©f tli.@ fsetors tn® .r©«oiBiti0a mt 
ta# fto@ ©*irr#s @tio*a. .for tb@ @:i.s#lijeo..a fattos la. 
M.g.» (1.) ba®#t €>a ©al#mlati©a® by «a€ 
Mwrnrnm 'C5| tmw m •e.©il. mlmlXmt- to' %bm om& as#d ia tl^ is 
s.p«©tir©s@t.®r-» 
Baffi# is i.ttt#sd«S t# pvmm&% sl»©tr©as, 
bavs '^ ©sa fir©*- t&e «i«ija«ia %.uhm %hm wm&m^ 
«#11 aat hmttlm B., .fro* jmseMag f@2» @. givett 
emfi-eat is %km aa.g»#t, #.i©©tTOij»- ©f a ©.©.rtaia #a®r.gy .!««*-
ii^  %Mm mwmr&m wiii fe# m% %hm QmmmtrnWm li#©tf©as 
.leaving s#«jr0e wi%-h ®a«rgi»g *-il.i fe# at 
©tli«3r p@iiit« si&ng th# eais ©jp rntwim si€@. ©f tik® 
aloaiaaa tmte® •©:r ®.a« ©f tfe® -»itfeia t&.© tttb©,. f i^s 
mak#« as® o-f tl# ©fer^Miitlo mte®i?ratioa of tii®. 1^® 
aetmmi fatto, ©f mm i.a tli® tmb® i® %m%%m 
siae# it 8.fe@iffe thm ••x.is ©f %'km mm it 
trmT®!® €©wa tli.« fetation ate©at tli# a:xi»' ©f %.M®-
®.p«@tro«®t#r- is a^mt f0®» 'ffc# 4.1r#®ti<3a &t iro-tatioa €@p#a4s 
ttpoa ta® mt tli« pa.rtl«l® aa€ tli# tir#@tloa of th® 
aagasti© ,fiifM* 
®li# !.©&€ S *»€ W mmrm. #.&v#r0-d with l/X£ 
i.mh rnlmmimwrn  ^ jr#fta#« tli« amato«r of 
b|r th@ ga*»ii-i»a.y« @l©s# to tfe® toaffles* ffeis 
is iapoirtsat mkmrn® t&a pJi@t0#l®@tTOa «f^ »s-8®@ti©a is 
^r©paipti©tt«l t© wh&Tm % %m tto# «t©ai9 ©f tfe® 
©leaa-ftt# Baffi® I* s®r'r®g t«© p»ri0«®s. .It pr«v®mts l©if 
emm&r mlmtmmm; mttmf fmm 
wmmUiM^ *&« mmn.t®r aaA hf t,&» 
mmjrm tmm. th® AirsQ-llr* 'la. «. .pi»®liiilaarf' 
®xi>«jris»mt with, m sour®# #f ailMsmari®,. 
mt ato#mt % M®v was -fe-aalt %hmt 
whmm. turn m:m^m and oount©^ w©®-# I. ja#t®r apaft m !»«€ 
f mm JL«g ^tif«y im^wmm, wm» «wrfl#t®ait^ %#• ' 
•ss®ttt4.«]Ul.y absorptioa. m® teaftl® W 1® i@ ©a 
m# l.#®t liaffl® K 1® for #f' s&;i@litag %hm 
mmk%mw- twmm gMMa^x^ay® wkisfc mm hf p^-t® 
.®f tJI® .M©®t ®f tb#«® .®®a»a-S'a3r«. 
mm$t tmm %bm «aca#% ®#il. W mm €®-
m ft® a#t Mm iat«i^ ®:r® tk® f@e.tt®®4 ®i®®%r@jas ifei®li 
hmwm hmm j|®®s«i hy %hm h t^lm 1&® ©mtsi#® €!«©»-
si©®s mwm' mm-^ ' t&«% • hy heO^tXm W 
^IX a©% '«trilc® feafti® S. mi® »©««« th&t- hmttXm X is ia tM® 
^ W* If i®a^-r®ys w»r® p®i®itteA ^ 
•femffi®' B i^s gtir®  ^ .ifi®# te. ««ar 
hmXim. Xmtm tM® S®ffl# l i®. .*®i^  ®ff®®t;lv^® 
Im ar®€tt®ia® tM® hrnm^rnrnm ©©aa%, la. ©a® &®s® witfe. a 
&t a f^.s@3cljm%«ij e.«4 «® Aa tfc® »3p«®%3P®»*® j^r it TBAnmM %U% 
h&mhmr©mm& W »#.. 
la mw€m %m &hm®U- mm @3,«@^^oa ia tto® 
wm^mm -^hmrnhmw m laoJs;g£^aii& wmm %wM.m «i^  'ma im. 
%k« aal • «geia witi. ab®iit'a 10' si.@^@ari® te®ta» 
jr®r im tlk® «p®©-tjr®a®-%-®r. »® ^®®p®®tiY® mmmtm wmitm 
m 
a#,7 aai t ®.4 ©ta/mla, 
wss lA @-8.s« sin©#. thm two rnrnmrnm a#r«« 
•».• pp©l^ abl« 
vaoumta ^mmhmw 1® 1 ^%@ir %&&B* ®® 
tkat #xt-€».si®»s «f- %« |i«t 'mm. %hm mAm #f %h» 
ia #3r4»3P' radisttom® 
A • €t«prm .aa# •@mt» 
#f tfc:® i» rtiowa ia Fig*- |t|.. m is ^^asir* 
afel# mm ttat wmmnmm mh'wm%mw mm. toe slipj^ i ia aaA @«it ©# 
»ga«ite Wil@@a s««l» 1 ®Ja€ t a3P« «% @a@M mmA 
%& M.' i&eh. 0. B* te-ass fte Wil-@#a #«al« 
til# s@w®® .^4 •#©«»•%« m% mw p#«t-
%i®a aJl®mg %Um- mxlm Qt thm m® hmm ®i»« 
la m®aas #f ferns# ©.@U.«i?» j. «aft 3".# A 
vi«i» ®f o»® of 1# ®iv#«fe is WlB* ^® 
jpadi^ aetiir® »©««?«« 'i® pla®®# ia a Xmmttm ^ '^X^h 
%mrm %m ra®%@m®A t®. mm sJLu^mmt .plat® ©a tfe® ®»4. @f th® 
A #at» a©«l-a«l ®i2« ti ii^ to®« 
COi'Sitt® trp® #440), wm» .»-ttf%# aate® it i^» 
i»«® fea® hy •••&. Wlls^a: ®«ai. #a tfe© st« aa-t pia®ii^ ' a 
«i«#j>-r®a® gask»f.ia mm tit® ..ii-sfc.®.. A »tifi®atl9a 
•@t  mmM -raJ.*®# Mmm horn, at Inliaa® WaiwrsitF 
mai. mmW&^rmm$W gat® vaiw.i® wmry ms®-
fal ®1®0« it .a«*e® p^ssifel® tte® &kmm0.^ mg mf r®4i@®0tiir® mmatmrnm 
u,.i..i.il i...i ...iw^Mau-iow,..: i,..i.iniMini .. m.r,m • 










Scale In Inches 
FIG. 2 SCHEMATIC DIAGRAM COUNTER ENDS OF SPECTROMETER 
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wmmm i» iMia 4 raii©-
mtlrm 'mv^mm. -mtf hm r#|>la#«€ hy 'ia a-f.#*' 
y«i^ ial#..s'-is aai.® f@y fiwpiag ©«.%• m®. 
%&.© WlJ.ig»a :s.®al. » «tt<L %to ii:»k ©f .©aatalaljag %Ii@ 
m tto-t « .aittliwuft mt t» tnt© 
«ia va#atta ©liaa^r irte.«n tfa# irs3..TW is ©y«m«4. 'Mia 
i.« shon® ia Ftg;* ff'J.' t» A f#.»aa«tat #0»«<iti©a 
^ma# mf wmmwm& h^mm aat t«.Mag .f ipa® tiii» t® 
%hm j»@.&aat««l. W#«M »y masii #f iral*-®.® ®lr #aa 
©mt #f tft® «at# fml,*# 
%&# mmmmm la «f*i..ii cfaa®^«f.. 
s#«il F tm tmw tim hwmmm 
atta#lto.€ li© th# i»wM« batfl© Im' fmmmm " -fto® 
:# wmm a®€# #f ««€ &a« i:asit» 
&t f/i iaefe *a€ m iea.gtta. #f 1 3/h th© is#®a-|@i» 
fl%# is^ m witklm tt# %,!«««• %m'b# Is li®M !«• 
jplae# «««as thwm- mmmm.* A .3/M .i.a:®fc o@pp«r %m,%« K 
l0. @©aa##.^.#t- %& %hm tm f©r %hm @# r©-^ 
tXXtlm it fmm tM# 
®a« .ftl^  tt««t fo? tto#-
a% S'am# tia# «#• thm mmlm wmmvmm •&M.mmhmm *&••» thm 
mt-m tmm tfeia t® ®m-pjp®jrt. pa?®»«ttjr#. 1%l.s 
Im .t#«» W mm&m mt m *M:r##-way ^&g» %© %hm 
@t&®r ®aA isf tit# mmppmm tml# H» 0s# ®#aa®@tioa i» «»ft« t© 
»i.tt wmmmm. mhmmhmw m %hm.% i»3i«a#ve^ •€.®,.|iiif«.W.# .®i€«®. 
.@if tM:# %hiM Q©-ttmti#r wi.jatew .®« fe® #¥»©««%#€ .s4»Blt&a®@»ai.|^... 
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- fhrn  mWmw 'mm i« mmmA t®r 
wmttlXtm ffe® ti®aet«r ©f the ®0attt:®r-
is if®i»1@4 %f mmemm #f %»®# ilafM#mg»s wal©a ©aa fe® 
e®:t@ tli® ^.€ ©-f 
fto 1® ©«©««%«€ toy m&mmm &t m k 4a@^ 
®,tl^  p»t ^si «' i©a«© EytsafTtt# rsf®pM^-. 
fflaitttaia ® p*«s®«r@ ©f &%mm% 2 x :wi ©f Rg» 
d'soa Tm %w^w&'mM W osiag aetai, img%«a€ &f ifejp tfe# 
h&ttlmmrn W,0 ®t©««rta .ci«# ©ff mmlAmm'bXm we^&r» KPrnrnwrntt 
m rmmw. ® at 3.#* ,^ m Is m^w^m thm A Mriiiii gitag# 
«&€ ioaiz-atlon gmsg® «r« «w4 with %li« 
§» fhm «ftga#t 
C.3) is « pb©^giea#& @f tli«' smM^et 
®o»is%3f«t#t4@a. Tkm tQ»m f&w %li« #©11 • ®f a 
7.?f is©.b@# •©•©•* -aat l/S .la#to iwll tfe|.#lEa»s» aai t.-«i@( aliaimi.ira*, 
@astl^ » whleU wmwm mmwmtmiL.. ®a%-# thm liFas# hmfe#. @••©11 3^«» 
mm la«M« imtlms. nf f»f .#®, «a ®-a%gM# Fiiiltis mf 2i.3 ©a mat. 
®ta «,aEi«l #f 1® «. . m# @«sll wfts witjfe #11 slagl®-
©®t^ a, .©aaa l^«i. @@pp» *i*#* laeM laj^ r wlr® was palat®! 
wl-^  glf^ t«,l.» Mwmitj tmnr %h9 •»€» mt th® wtmm 
ftw.ll«€ tto.« si«® ©r ©a® of fJa® elmaiamm ©astiliigs# 
0®pp#i' 3© Mils tto-ie^ ws %&©.» igroaad a©il, 
!«.•©& ©©|ip«r 0li®#tlag toai. 12 %©Bgtt©3 -wfitleM fa«:s-aA tM*o-ttgk 
i^lar 1b.©l©« IM feh® altimiatta a.astins®« wsa?® S0lS®r@a 
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SPECTROMETER 





t© tojTftss wliiQii ia tarm w«re fa®%@a#4 %o tli« ftlmalaua 
®ms%iags* hwmmm ar@ a©©le4 hy aeaos of 
,pa@siag throm.^  ^ hrmmm ©©0lijttg, tel©@fcs ®r« mh&mm. 
ia Wtm* .ilJ* '©s® -©oaplst^ A aat®a«t 6®ii. ©©agists of Sfff-
tttjpa® ®f m'ii'#» ffees®. Z799 tmra-s ar® €iviS@€ la%o IS m.mpmit&t® 
©oiis S6 %&.at aay eoMfeiaa%i®B ©f %b« ©oil® mmy b# 
t«p®stiag %h» ©f %h& f«€lati©m feeiag «ta€i®^. , Tmm 
@©pp@jp-'«®tts%.aa.taA tii®iriiD>©oitpl@s w#i*# plae©€ ia %li@ ©oil* 
fib.# ata:gjft9t o©ii was- 4®si xei. foi* Yoits* fii® jpssis'taae© 
&t til# «©il tm 17i.S Qhvm. WltM 22Q toltm oa %hm ©©il th@ 
p©w©r ©0aeai^ 'tl®-tt • i®. 2«7f fii© wmtrnw ©ooJLiag ajstam ia 
:a0.i'# tb^aa a40%ma%® t® !«»€!# tMi®. With Z20 'Volts ©a tla« 
©oil an# a f0o®.l ©f tS «« t.it© .sp#@t.r0«»t#r 1® ©apatoi® 
©f fo#«slag ©ieotruas of atooat 3*4 Mmw #a®jpgy, 
M#miitis,g ©f St.#<i%.roia®t#3r.. 
Til® BpMmtT&mmtmw was wltli its 
sxi® %m tM# fi®M, Si® siiaia«t®s 
anjr ©o^sasat #f isagtt@%l® fisli- ttomai t© %li© axis of %Um sp«@-
It #©#» la©w@v@r at€ te small aaga«tie fi©ll al#Jig 
til® axis ©f ap©©troa»t«ir* Figmr® (4)' mM&mB tli@ ©n-feir® 
®P®otjroM©%e-r wi%fc ooatiroX paaeia. 
'&m aaga«t ®©i3L.., ©Jfeaab#?, 4iffm®io-ii 
m&& sapjpcirt .mtm&A mrm mil i^ a-«@ga®ti®  ^ 'fe i^ag ©©iist.i^ m©t@€ of 
ferass, ©0fp#3r mr ftlmaiattii* support tor tli® Bp#etro*®t#r 
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Fig .  4  MAGNETIC LENS SPECTROMETER 
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Fig .  5  
TOP V IEW OF MAGNET COIL  
F ig .  6  COUNTER END 
OF SPECTROMETER 
Fig .  7  SOURCE END 
OF SPECTROMETER 
m 
was -mt hw&mm l^ e magnet is sitpjpo^ tftd hf 
IM teMii stmAa %fer#ft€#A imt# ©m® iii#b 
#m . %<Qp mt W&m -mmsipmtt st«m€« B|r meaan al" tfttes®' 
stmAs thm rnrnm®^ aG#^&t®3.r. to 
tk# fa^nwtt 
C f )  I . ® '  m  f i f t t *  # f '  t l t «  m i p i 9 t  
@#-1.2. ^#wimg tli9 tmwmtwmim mt 1$ #0:i2.:@ my tli«. 
tit* va©ttMt mm tM# mmigm»% msA the 
%hm ffeii ©©mat#*' »a€ mt 
ia Vtm* i^ }* Wm lim^m tmli# «@ataias tltii ©©wt®*' 
ita mffper leii® #«iaix -m  ^ %m tmw %€Jm®tia« t&® 
iaai## tM# wmmmmm mmp-mm mt 
Is ^mwm. im >ig» |7|. ®s.i.s ak&wm tto® 
&t 
1« inatTO]. ^a#Jls« 
.l«£®jrFiag. agaia t© Fig# (%), ©a tli@ .left 
ft seeding ®.i?Gmlt liitk m mt l4;« A 
ttsvft t6» tM@ @#iiiit#f>9 mM, @m. 
wmpXkftmat^ hm%wmm,^ %he sy^t #|^0toit80@|Ni. ®«iit93f 
jpaMl m i#:iil.%'iit.i9tt 
#lromits mmm€ mUm tm %hm wmmmm 
t mt && thm 
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©©atrsls t&w t&® yaapi!, a hmmM sn-t M©r%iiifmp trp'S K p®t©ftti-
tow %hm ots^r#ttt »@arat®ij.> tii« e@at3i"@ls t&i* 
til® ©ttjer©at. jr»gtt2.«t©jp .a«i a ^reeortflag »©t#i' wuimh latloat®® 
f@S'0#»,tag« ia %hm -feto® 
oeil As ofetela«i. tr&m a 220 ¥• ©• O* g#a@iMt%©f» Th%m @a:rr«nt 
tn toy a algaml, 4«jriv#t firoa aa #fr©r 
4@t»©.%oi? l.a s«api«s witb thm aagn^t, Imto tfc# g©.a®jpator field. 
Thm. fisaai-etejr fi«lt is s-«pays*@ly ®x©lt«t. TUm .©rror 4@t#@tor 
©©asists of a bri4g® im whish a-a® am is a aoa^lla-ear rasist--^ 
aja©«... A wstt- tm»§s%®a lasp Is mii#t f©r a©ii-lla@ar 
r®si»taa©#« si^aais fima %&#. b^i-tg#,. ii|^ sm3rr«m%- .fliaetm--
stl©:as,^  .«r» .aja€ .f#t into tli® g«a#f*«t0r la, sm,©li. 
© mmnsm, a® t® ©ppos®. tb« .B,r a#ma® %hm 
<smrr#iit ia Mgja®t is li®i'A eswtaat wi'fe,feia a fr0b«ll.« 
©raroy ©f ©*1.^. 
•m. 
m. ^jusmKiT 'OP mMmmTte mm swmmmmmm 
A# Al.lgi»a«ii.t of Sp©otro»#t®r 
tto# flTmt «4|«stia«nfc w-ag as<S# mm tb# speetr-om-
was t© 11 n® up tba vatstiiaa eba«:b#r la the idlreettoR of 
fcfe« lfe.« iaellaatioa of tim #»3Ptto*s 
ii«;gri«tie ,ft©M *»s wltli. a .dip p®edl® and jfomtid to 
b«' fl #.§*.• Wltla t.li« elj«»,b#r el-a«p«4. t© tb© magnet e^il 
til© TSCB13I1: eliaiifeaF w«s Pd !•««%#€. tm tfcl s aagl# by i».©a»s of tb® 
thTm:m stiad.® wbic.li tto# mi5.gii#t Is s«.pp®Ft®4» Si« Alyectloft 
.of thm horlzovffil -mt thm earfch.*® «»ga«tie fleM wmm 
AmtmrmimQA hj .aerntig of s. s\ rwrnj-mr*m •transit• Ttiit ©ntlp® 
««ppoi*t stand »«© tfc«n w,ntil thm axi.s. of tfe« 
eh:OHtb«r mmm In Unm -ititfe. tMs 
The soeoud aajnstii#fit tlsafc was .«!«€« mn Mzm sp«cti*om-
«t©i* *ag istoat of adjusting thm iB«,ga©fc. e©!! *f..fell r«sp«ct t© 
the ^aemiasi Gimmhmw miiMl feto.@ ®xl.s m€ tfe® aagaetle paa®#Ql 
tfcFougb tb.® ©«i3t«f*s ©f tfe® ®©iij?e® ©.Bd wi»€©w. Usiug a 
sbarp e©ov@.r':sl©ii ll.s© of tb# ii.agii©t: w«s @d.}u.st®d w.ltli 
r©.sp©-0t t® ttj# ¥«-emraB cliarnb#!* mnfeil » e^nwtlng rafe® 
wms ofetaiR©#.. Whmm a maxlsawt eomatlng »t;« Is obtsi.ned Ifc 
floes »©t ne<s©ssaril:y a««ii ttoat tfc© axis of tfc« ins^net ft©14 
pagsss t.tsyov'1 thii memtmrm ©ff tb# eomm^tmr wlm&Mw. mnA fel  ^sotare#,.-
tor If t.fe« of tl3« sottpe® «©y® oft tin® axis tbsn thm 
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mt thm woitM also ott thm axis# Mj 
wmwmrmimg aaga^t. it is wmwy mmmw t.o €®%®ir-
.aise t.f %hm m%lB ©f %&©• aaga^ti© timM pmmmmm %hm 
&t thm mur^m mm€ ^mumtmw *iat.#w. It mx$,m mt • 
Msga#ti© ttmli pmmmm m-mmtmrn- mt tl^a @©:miat«3r 
wiateiw ttsi s&mmm %hm ««xi:M» @©»at.i.Bg ^sfe#. stomld 
tsto# mmmm hmt&itm mat in wmwmrmm^* Xt %li® 
amximmm wm%mm ar® im% tto# sm« t* «®a-mf thm^ th& aliga-
a@s*s is mm% rn&witmmtm ^i® i» §mm tiim fmm%- tkmt tUm 
mm %hey' twmwml €.o*a tk# tafe© ajr# a»m»# tM# axis mt 
til®' «agm®ti® field «fe©«t WM#a %&©• tm ^r#v«jrs«lt 
%M@ )iif®®%i©« ©f <»©tati@.tt im mXnm If thm assis mt 
tfca aagjasti© fi.eit pmmmmm tM@ ©#ate3?s &t thm 
ant e©«a%«r wiat^w, F©v«jrsiBg tii@ ©mjprQat will m&% 4,lmp%mmm 
m# iaag« of %hm ®oar«i® with to tfa® oottatar wiat©w, 
M«a#@ t'to.#.ap# i« a© eiiaag# in tJi.® asxiama @#ttatiag y«t®. If &m 
til® liaiii;, tfe# axis ®f tb# laagasti# fi«li i©©s aet pass 
tm© ©mtd-fb ©f .tm# aa€ *ia#@w ant aijm&t-
ffl«at k«s hmmm mm^m tmw aaxiawa ©©muting .?«%» witte tli« @mrr®.at 
ia ©a# 4treeti©m, tliaa r«*#r®iag tli# ©ai*ap«ttt will iis^la©® tb,© 
iaag© Qf til# s®tt-3r©# wltfe r®gp»#t %& tiie e-©mt»r wiai©-* »o# 
t&» msiiBia. ie©ttfiti.ag jpat© will tfcea. 
ligmr#® {81 A «ftt B ©feow tk@ lia#«- ©%taia®€ wfc#a 
t^® ,is-p#;otf^«®t@r wfts «tj«st@€ fo3r « asxisaa ©omatiag Fat® -witl 
tli« 0«ifr#at ia' 0am ••tlr##tii>a |A| sua %hm in tfe«i 
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1.0 I.I 1.2 1.0 1.1 1.2 1.0 I.I 1.2 1.0 I.I 1.2 
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1.0 1.1 1.2 1.0 I.I 1.2 
f>5 
Fig.  8  ALIGNMENT OF SPECTROMETER 
Fwtl:i#r a4|»sfeen.t ^jf fcfc# iMBtmmmit gaire lii3«a !*• 
i:,in«s 4*. «iPo twd in^ex-mnA^mt natloijs for tb® c«Fr©Bt 
is tl-ie s.®,«i©: directs©13 &m for, A ftsfi ll»et B* ar© t«© lKd©p©nd®ft% 
d®t«r»liimtlob« ff&t tl3« emrpdsfc in fe.to# €lr#€feio« «s tot b-, 
% iT'^m thmmm 3.J..n«© 'toaw •»p-pr©xiiBe.tel,j tb® mmmm- nasclatffii conntlng^. 
•pate It in<ll#at«s ttoafe thm «xis ©f tb® «iag:u«tl# fte%& passes 
thit&u^y ©«»ters of tt3« sonrc# aad e&nm^mr window* 
Til# valuer th# cwrr@ml; for t:he oiaxijna of &•» ar@ 
sllr;i^tl-y gr®«t©F fchau tli;©#® foF B*, Bils la €11.# to the facfe 
tijat; for A» tli® magnetle fl®M sl^og tbo axis «Sw« feo the coll 
(%) mmm opposlt® In dtreefclon t# fchat of tfee ©©.rtte's »ag,ii«ti.e 
f'l«M CK®), will3.# fo.i» B* %hmy mmrm In th© mmm 
S-jIs mmmmm fcfemfc m eorreetl^a sfcomM hm aad« mm tiw e»rr©ijfc ^lii-es 
af ti3® maxiMS of thm Mmm» llais eorraoti©h, will to# €lsew.®s#<i 
in g.rembmr 0 tmll um-Amw the Jt&mM.mg of 
b. anniil-tts wttftti 
W-slag rn^'^ 
surface Ammsitj SS»# «g/em® -ag tfe# radlefco^, a ssfl#® ojt nms 
WAS maM@ witto varloa® s«ttlftg,g o.f tba ae^afele baff'l# 1» tia© 
vaenta® ctsmb®!":. bjis «oirabl« baffl© d®t®3?ffli»eg tti© mlnim-iba 
tfistance off" fcto# «l#eferons fro® %!-» s:Eis of fcfe© sp^cfcrooeter at. 
the eeRt«F of thm eoll and h<&xmm th& width ot tbm 
mnmulnsrn Tfoa wl^-tb of tfe# aaimltts l.s »qr;ai fc® tfee MifmTmomm 
of th0 -®«xl«iw mtjitmwm €l.at«nees of th® «l«-etroi5s fram 
m 
th© sxis of thm specferoaeter ®..t tae eent;©^ ©f tte© 00! !• 
Fig«re i9} m^ots e Tmanltm of t.M.s s«rias of wunsm Wj© 
Taineg ©f tl't® etirr««ts are giwB fosr ®««ks of tfe« 
Tkm F«solittloa 1® gif«n is ©f t.1b« lia If •width., wMcto. is 
dsflB«d a.s til# width of a 11 se «t tbm point of ©a® fcalf tia© 
'fiisximtaia Intensity, #3c:pres®«<S in Miaifc.s ©f iiieimenfemri, tay 
1 p r.O'P.orifctsB o# b ct peak 0.I' tfe© thm annialms was 4®* 
©reas«d thm Irmlf-widths of ttm ii»®s wmitm ®3.s© d@€!i»©as«  ^ with 
m atolffc of the to lowsr valu-@a» Thm sM.f% &£ 
tli.« aaxiffls to lowdy Bi©iM«nfcTa» \?mlws Is «3s« to- tlie fa«t that-
foi® a glwn vfilia.® of ewreiit, tr;e foe\a®®# ®l»e%FOM pa-ggiRg 
elosest. to tto© axis at tti« ©©fi-fc.ar of tim c®il. hft'r© a slightsly 
sis®ll»r •fclj.an tb# ©le-ctrons wljleh are fart^lier away 
fi»o« til® s:k1«.# fbla. aeatis fcliat It requlFes a 3.sr'g#.r enwTmit 
to  foe«a  o f  a  r -^ ' vea  ©wrgy  pass ing  tk i jp -oy^ l '  t l j©  lowmw 
fcalf of" thm ©nuialtis than It class to focms tb# .ssat# @n-©rgj 
«loetroB« passing ft- tfe« mmkyp helt .of fcfee smmlua.#. H©n.oe., 
a-s tta «ai3ti.l.w@ 3,® tnedm ai«e.l3.#.r the e«rr®i3fc valis.«s of fcfe6 jaa,xi;aa 
will ttMft tm vel««.«... ltd,a mt'tmct l-s du® to tlis 
©ptisrleal atoerratii^a of ttm less# 
(9J also gteows thM a€d®^ €#t$ll ubich is 
brought owt hy IsiproTlug tfc® r^soliatloa* 5fe« liiBiip ^i©3a 1®. 
.shown ©n .c\irv«s .1 md B .is r©s»lv©^ Into a. ®s^ar-a.t# p««k o-s 
0«.,rv#» € mmA B» !» ©Mipve.® C atjd C tbe peak is fiia.e t© 
photo®l®eti*©fis mfAcl' I air® '©.##15 ®3«ctoA fTtm fcfe.® K sis© 11 of tb® 


















Pb toil: 35.9 
Coils 1-18 
4.475 
A B C D 
Annulus (cm) 3.9 2.5 2.1 1.4 
Resolution(%) 8.4 5.8 4.7 3.3 
Zn«» 
m g/cm' 
5.0 5.5 I 
-J 1 I 1 
4.0 4.5 5.0 5.5 x 10" 
Fig. 9 EFFECT OF ANNULUS WIDTH ON RESOLUTION 
m 
•whleh fraia the t of tim l^mA radiatof. 
km tto# asuMltts width tm tto© Is • 
lmp.r©'r®€,, bmt BM'&tmpmtijtms ttiis ±m « ##©r®«s# .!» fcto® raa^sliita 
tm praeisl©# m eaaprcs®!#® »«®t fe® aa€« l3-©tw®«s 
i^«.@©ltitloa aa^ a®xi»Uii ©omntisg fb# pmmltlQm of tli©-
«©.¥«bl® hmtflm, wM^li thm aiin^lias widito, depends 
pma»rlly mpon t.l3» df tli# sottm#* si® fflovabl® femffl® 
t® pl.se®4 1» g«eti ® position so «-s- fco glvo « rensoaafel® mvmhmx'-
of oomiits# Wa#» amautag » gai»a««.ir#f 11 »@ i»ltfe m rfifiiator,. tfa® 
wtdtli of %la# «ii»«lws i'S •m&mmltj «teo«t B ©a. 
0» Comf3t«i*j^ .S©wo« ©oil* 
111 of tt» data r#p«-r%## lu tlsis ^pap«r wmwm obfe«l.E«€ 
with %b® souro® ©owBt«F ««oli ^ ©» fwmn thm e«at®r ot tli# 
is #fi3ival®sit t© « fooal l«i}gtb, of .tS e» mud glws 
a «a.g»i£ie^tloa of «al%y.# 
.Fof «l»o.'r# .posJ-tioni of fell® gowe« ®Qnm%mw 
«i3d t» tli» mhmmn&m of apli«fiesl »fe#ri»«etioki, tfe# foi?a@a 
of fefc# so«ye® o» fcto® wl»aow of tii© eoiin.t@*» would U# fcli.® saia® 
si.E« «® .fell# 
Iioiir«ir«3r, thmt-m 1® siptiorieal aiaisrratioii -faad hoiio® tti® 
dlametoi* of feb# eountoi' ap@F%w# shouliS b« a llttl# l«rg@r 
fcli.«n til® of thm a.o«Fe#« la all of th» 4«t.a pi»os#«t®d 
i« fcMa pmpmr- of fcto# sow®# of olootroias. was- fttoomt 
m 
#•4 aat mt %hm ^eartar© tm&m 
©•« mwm %'m^mmm tk® mmmmm tfc-e mmmx&w tit# 
mt Wm ammrm ®a4 • t@» m ir®»s©sitfeJl®' 
mt m&nmtm-rn Ibts ia tarn wiXj #iT# fc#%t#.3r ^ ®i^3.ati®a, 
#or thie ia tM» 3pmf#f  ^tua^Xiai 
©r a#i c»:». wittt iya€ @©«at^ ap®-|p%»r« «i^a»e.t®rs. mt -O.iS 
#»Sf #a wmmmlMm- ia m fcelfniittfe mt 
Wm' w#i. ia ®3^ ®ita#mtis 
mat m, m0m wimm&m mt mmtm&m 4«asity 4 , .jt m$mtmm 
#f iiirg#a: alcohol im p-—- - — -
3ratl® ^ f to 1 m» wi«€ mt ' • 
m. firemsturm &t 10 0m mt 
amwrnmy* 
y©r tm wtm&y mt 
®|#@% 
•l##ti7@s® from m m 
rn^mmw mt m f«« 
%m m% #%K|:#eti#M%l» ftltt## 
mt tfe.# 
Fig. 10. Holder for 
gamma-ray source 
and lead radiator 
twm im.thm mmmm^ l» a*SiigiMl«» fig^r# |10)ii8 m tiagraa #f 
m luoit« to©lder M .f#i^  m gawwi-jfif #«ll®«@tiT« 
®»«kr9ii. s i@ m9m lm@it# liol€«r' wii^^ m ai»s31. ss€ 
Att sliiaiswft S is the lac it#, fai« 
©«t is f®# tk« pwt^mm mt amy ^wmm mtt 
hw »tioa©tiT# igwa**#©,# 1%. i» issgsorfeaat 'tlii# hm 
#1" «t«i'ial #f .l®w «t#ai# m mt 
m 
,pF©d:iac©fi In feBla eap toy tfe® will to® vmry 
in e©ap«flsofi fe© fch©®.® prodtte®# in tb© 
fia® pftaiftto*" E. whl^h im fmmtmnmA. t© thm front of th® 
alwlunffli Gmp sfcataM b« a- of hlgb afeomle »iaiib«r sine® 
%b® plj©to®l«©tPle atosoi^fci©a e©®rfi©l#R% for th.® K sbell i® 
pw&pox'ii&mml fc# E®, mliwr# % is 'bh« nwmbieip ©f feh# 
I,#a# w:as ta««a mm a Fadietor ia all tfe© mmpmwtmmm^m weportmA ia 
this pmp#r* It w®wld i3« most #«sHp«1>1® to mm a ra^iatoF foil 
tJi«t .li«a ® s\irf»e« density »© *all tl3.at »® ©orr«etioa w#®d 
fe® mmMm t&w it* For m»mf s©^f©»8 tl>ls a v«3?^ low ©©mat-
Isg r-8t## M vmM.mt&r of gjpmmt&w m&f hm mmA If m 
eorr®cti®a Is wpplied t© thm mommmtwm &bm^.rv<$S tn tfe# siJeetfOT-
®t«r« ©lis correetios will fe« disensii## Itt gy^sat#!? detail in 
s#eti^©B IV,. S» ®3E<sep% f®r tli® of mmm #«. 
¥»Fieii« radlatoF foils, tb@ »ia»fs@« d«B«itl«* ®f tfee ra^iatore 
ssad 1» th# «3cpsrlifi®«ts r#port®€ lia tM® fk&p«F mrnvm twom U9m^ 
ta 4s. s ag/©i8^» 
Im m mnmhmw ©f r«dl®metlv« soiar®## mmm • g«OT:»-rays 
®re atogorb®:# toy tla# ai®-© «t« wmcfe mmitm tbm geaaa^rmy. smn&» 
in ototmlntag « spe©trw« of tbes:® lutaraallf ©o«v«rt.#€ g«®iia<-
wmjm tlm- Itself is tli® rsdlatoF* A lm©J6t« boWer for 
aroe^i « sowre# ig sM&« ia Pig* ClD# Fi*«f®rat»lf « tMia a©i3,re® 
S is plm^ma ©» a tM» f©ll F wMeto l.s tmrn ia fast«ii®d to tb® 
Iwclt# fe©ld®.r» Thm a©®t «a#slr«fel# aompe# ia ome viiosB Bm*fmee 
Amnmitj im aot aoF# than 1 mg/crn^ andi wMefe i» plfi.®e€ on m' 
foil of ate©«t thm .ge»© «tt.rfae« delist fey.* I« tMs w«y tb® Ic^as 
n 
&f i». til® s.©-iUE»'©® ant tfe# feft©l£-.s®a.tt®»lmg W . f®ll 1« 
F®dac©l -t© «.©% •»«.: «xt®at «s, •%© la 
©tet«ia m • ©f ©€i-ma^.»» • 
mt :ra«i®a«%lw .m^rnt .hm tmi.t3.w 
a mt Im mpmelfte m Bmmmm ®f i«F* 
tmm ««r  ^»s#t. if m m-mmrntim i® appXi©€ t-& mm 
A • 
im mm Wklm mmmtimm mi, XI 
to .gr#ttt»3r ia if, 3* 
a«tfe#r ©f @®13ts 
as#i ia » 
•is W  ^
mt mm rmmxmtiwm- hmlsm 
wmr rnmm^m m^wm 
, •  ^  • " '  .  I  
#,4 Mmir mXi mt .: 
tkm eoiXs mm mmtp wkXXm tmr 
rnmmxwm bmxmw t*4 bmw m i 
»ma.l®r smB0«m mt 
mmma* xm &m»m 1% 
4» |t#sl#atel» m -mm tfc# 
thm jla?#@at mmmrn miwm^ %&» itpterida]. 
»» Mi# m»mo. &t tk# mm€ i* 
'INwn mm%m &mXXm: hmwrn lie obtaia 
Im %h%.m pmpm, (aI mlXm 1-1# mat C%) ll-l® 
m%Xm- %mXm0 #@41 1 Um ' 
W&m sji»ll#ii% m&i. ##£1 li Xmtm»^ m^m. 





a* gw»a»rit|r ©f 
To e}i-«®ic tb.@ pmx'f&rmmmm of tt3« .ap«c%yaii#t#.r th.m 
gaMia«-i*sy »ii«rgl«s of mmA 0#^' w®r«: sl,iie,® 
thmj bm*r« b#«B laftasw^d hy gator® <2}# (S), <4), 
cm#. cll)* fti.® ra^l^aetit# .ss®'® isotop® was.prodnee^a 
l>y a©iefci*oii b«abftr4»#»fc of .mitm- ia fcfc® Owk Eidg© pil®» 
$b® g«®a.a-a»ay spemtrw #f s» ©totalb®a with tum 
sp«et.r#a®t#r taslug « !«««#. f#il r«€l»t©3P 0:f 42»® ig s1i®«b 
la Fig.*- -(.It)* . pF.o<s«4w® -w&s fc© .-tft# aiMto®'!' ef 
©©nuts for a p»fi©4 -©f 10 nmth 
thm- 0n%ii'.® spdetroRi fe»# la Fig# (Itl ©©lants 
pmT mimitm «.r® plotfc«i agalnsfc th® ia mmpmwmm in tl» 
eotl, TIa® M0iB®attCT l.» gam«»-©a, i» «1®© iia#i#a%«.d ©» tto.® 
absfels-sa a^g- »®fcfeod ef ©ai.#ttlaMag ip will b'@ 
Irj ,s®ct;l©.B ly, E.# 1. Bi« l,iiilivisual pMufcs timmm tiim 
•if@.i»« with « prob»tel« @frei» ©f 1^» 
tfti# IftFg® pealc «t. 4»4SS .8®p«r«.« i s froa tb© oaa 
gameaa-r»2r ©mltte-d by I5i.ls larg® peak is <iu® to tb® 
«l«et.r©ns tfeafc «S]p« «Jeet.®.d fi^oa tfc® K 8to«ll of the lead radia­
tor.* .Kl«0'tF^»s tT&m tim It slisll ar# i*.«sp®na.itol.a for tli© btnip 

















Zn®® ^  0,4 mc 
Pb foi l :  42.5 mg/cm 
Annul us:  2.1 cm 




Fig. l2 GAMMA-RAY 
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SPECTRUM OF Zn®5 
14 
mmSjmm. at siboat 3«5 is %h& 
ll#«pt©a ©f s-ay# fef #3.»etroa8 ia tfe# i««t 
•wJLvmlmam , ®«€ t^# h®2.€#3?« f^««e #!.«#-
tTOss ha^# #a3ty a fira t^loa #f- t^ « aaargy ®r tto» gaawi^ ray a# 
©©atimataA t© tli# plt©t»®l#«%r#a®. i». *fe.i#h ail tto® amafsy 
t&a t® atoa#^^aA. W «'l.#@t3r»a i» ttea i^#li mt %Um 
at®.ii» In .g»aai?aJl. tto# €«« t# »@a%t«ie£ag will 
Umvm l®s® amergy tM« pM@t«sal«@%n»a». 
•f&a '^ ali ^mmk at 2..»4©5 la tma %m aaaHiila-
ti®a ra€iati©a.. aaits ^sitr^aa, S©a@ @f tlias® i?©«itjr©iia 
a« l^a« »l@®-ty©«s t# ^om ti^ - ^aMA^raya lAi^  ara 
aaittaA la -##f©slt« .#l,^ aetlom« *1  ^aaaJfe «a«a-ray tea-ring aa 
•aa^gy afttal. t@ tfca f^at aaaa #f aa elaatima, aaaaly #»5il mav, 
^asa g:ai®a«^aya Mm tera ajaat ^hot#alaatis@m« fFtwa tfca. laat 
3ratta.t®r. ^a :asalMllatl@« yaiiatl®® ilaa was «»a€ t# ©all-
%7ata tjia l»at7aa@at. 
Is ©F^ar t® i^ a®l"ra t&a ala©ti©ja®- 3r?®a tlia K suai. I* 
s&all# of tlia. laa€ ratla-^r aa€ laaraaaa- -^a ^aalalaa 
asa^gy maa«oir^Mt;a,. tMa ra»l«ti&m 0C l&a .i^ al^ ®^tar wmm 
lapfwa# by- taa^wali^  tba aamlma wlAtb at tba aantar af 'P^a 
sfa®tTO»t«jr:« 1Pfc.l«. waa t©aa fey ®@Triag- tlia 
G-l&m-mr to tfea o^omataif am€ tM® iaatrttiaaat-.. ^hm apaatnua 
©Ifetalaat la mU&m& la lie* (13)# fa-i^ a ara all .i^ lftet t# 
subtly «filla* ©mryaat *ral-aaa* ^a K asrt % alaati^ aa aw-
»laaly ^a»lirat wl/tii, tMs a*r«B^aaaat mat fea»®a tiie  ^ aalamla* 

















A/ 0 .4 mc 
Pb foi l :  42.5 mg/cm^ 
Annulus:  1.4 cm 4.415 
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m 
B,. Ciftnia-Ray Spoetrmw 
Thm ra41#aoti« CJe'^ i«#topa. «ss produeed "by »««.t]P©n 
l>oiial>o:r€a«nfc of thm • i'li t^© ©ak Ri€g« pil«* 
stresgtls of* fcfc# g,aapie ms«tl In tho mpm^trommtmw 
WMS: .afemit 4 inillSeTaries-* e amrfs.e® of tfm lead 
fadlato-i' if as g9»f aig/©a®-» 
gteffla,-ray spTOtiwi ©f is si-iowjs in Fig» (14)* 
ib@ siiejpp peaks mit» &m» to pli.0t©«i.®otron8 have b®«n 
gf* 
«J©e%«d hy til# two gafflaa-rays C© froM %fe® K a»d I* gfeells 
&f %h® lead. r««iiat0r* iti.o la#l'rldma.l points neay tb« peaks 
w#r#  w i th  a  pro fea 'b l#  « f f# r  of 
C* Sp®etr«iri of 
111® ra^iosetiv® S0 Isotope was prQ€tt©«d fey aeutron 
bGiffl'oarcitsertt: Q-f tfte m.mtn% In t;h& Safe Rldg© pll-©» 
'Hie tfitsmmlly coBirerfe©*! ,g«ntria-ray spectrism or 
is »fe.owi3 In Fig* (is). 11 of tb© pe-aks «i»e dw fco «l#etrons 
from fcfe© S sfeell ©i* tfi# pw^&uQt whmm S®^® .^©eajs bj 
K esptmr# ©atttlug tti@ geisaa-rays* fti# Se^® ©©•w.re# had 
a f&ltlj mgb smfjfse# €®egitf of appf^maatsely 12 isg/ea^ aiaid 
*as plaee.S o» an al-waslBna ba^ektug of sttipfa.e© d-easlty 4#S ng/ea®*. 
ftj#^ .sfcFengtfe of Ml# s^are® mmm ©feoiat 6 Mt©roe«ri@s*. 
irwllfiamal point® naar tl o peaks w«.f« with e pi^ofetatol# 
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Fig. 15 INTERNALLY CONVERTED GAMMA-RAYS FROM Se" 
25 X 10' 
m 
mpmdtTvm of m&m rtan using a somr-e# of swf'ae® density 
appfoxiiaately E4 lag/ea® ob « v®^y tMsk aliywlaiaB^ 'ba©klag» 
"r®lia«:S of fcli.© p«»k,.s ©btalB®^ la fcbS.® «as@ ar# giwu la 
f^abl# %-* 
mmrn 1 
Qmrrmmt trIuss of p©aks of gas®i»-i»®y lia^s JTroa 




4 • 4.640 
t 6,050 
tt Is t€> b# a&t«# %Mmt tto# ®.i»rar tli# peaks 
toaw tb# ©««# eiari'ml; as th©s# in fig. Cl6), altfaotagh 
tfe# s©w#«. fe.l!ilekii«,®s «ltrf««*s by « fa«t©r tw® and fefe® back-
lag.® tor thm tw& m&mmm® ,«ark©dlji,. ffel» *12.1 b® aeeotaut®-!! 
for ia s#ett©n IV, 3* Ttm mpmetwe indleat© tli«% 
ttosr® «F« flw gaaa*-ra.ys toy ateo?® fO K^-r# 
,&Blf fcw@ ga^ia-Fsi" mnmrglmm hm^m hmen iM8p©Ffc®d (6), 
i e ) »  
Si® sp.@®trOT 0totmla#<S fro® wifcb, a l»ad radiator 
©f mnBltj 42,® ug/ea^ tn &M.&m i® Fig, (.16).. ®b© 
str«sgtb tfee «owe« wm®, abottt; 0,8 a®« hi* points 




Pb foil: 42.3mg/cm' 
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Fig. 16 GAMMA-RAY SPECTRUM OF 
41 
Oalf khTme of fcbe gaama-'rsfs ifna:le».%e<5 In Fig. CIS) 
pi^od"uce p©»k« ia fig* (16) slisce tto« ©fi#Fgle« of th© 
.f#eas#d: hj %hm bpm^mtt€mmt&r fesw b««« f«:€me«a hj m aaotrat 
ffQBSl fco thm aiff«.r«.ac« i» t.la» ®»«irgi©g lu th© S sh«lls 
Pt? ar^d Ag# 31ne« tto® bljuaiug mmmw^y in fbe iC sM©ll -of !«»€ 
ts ffiueh gF©mt«r fefcan that 4n As, tJ)® p#aks for th« IC sfeells 
bair« all •&«#« to low#.r values as 0o«p:a.i»#4 t© 
figi, (15|a Sue t# tMs a.©ei»ea-@-@ In eii#rfy tir© pfeoto®i«etf®i3s 
,pro«aae«d Im feMe le.a4 reMl&t&w fey tti« tw© g&maa-re-ys of J.ow®@t 
«ii®rgles ;«F« tttJsorb®(i iby fcls,e this alea wln<5:©w of 
tb® eomnfc^r-i Ifei® ts al#© triS:,® for th® pli0t.o@,J,#©ferons frow 
iC mf jl«ad #ti# gsfflwa^-ip«y vhl-mb prod«e«ii th» third 
pmrnt from tla# l«ft 1» Fig*. CIS)* In Vi.g,» tlSj tfe® first two 
peaks '&^m dm® fe® & si»gl« gawa-a^-ra^" wMefc ba.® prodltie©# pto.oto-
©l«eti»oHs l-u tfe@ % and- II ®liel3.s of !.«•«€# Ss.-® next tw© pisaks 
ar® sl«©- dm® t© « singl# .g«ifflBi*--'yaj* lls« game Isolde for thm two 
last 
©.# ©-©.rreetlosf t® nergy. 
1* Stateisent of coyrect.l on s. 
tn &Tdmw to tb« ©ue^p-gies of tho .g«iaa&--r«ya 
fciiejre ar® tbr#© ©©^rd^tl©!!®. *11011. ®tast appltsd to tfc.® data 
glTOB la tigs. Clfil <* ClSl# 3ne e#Fr©etloia is tJs® teiii4ing 
•energy of th« -©leetror* in tto©. gl3«ll of th-o «t.oiii from wbioli it 
was A. second e©i»reeti©S3 anst toe »a-d@ for tli® surf®#® 
42 
fieagitj of ratiatcji', Tbm tiiiri ©onreottou iB %hm% %o 
%h» ®art,h.*s iiagii«%i© 
for •earth*.® aagii®tlo fi£M, 
fl.® sp®®tjron#t«i' tm witk ite axis 
to %hm ©artM*.s aagaeti© field. Siao® tli® #arth.*« ari©M eoa-
t© tfe® total fieM along tlie mxi« of th® #p@etroa®t®r,. 
a 8@pr#@tlom mmit. b® appll## t© t&« •obs«rv®€ valii.#s ®f. tjb® 
©ardent to fo©tts «l«stroas of a partionlar «»a©-atm«, 
I*«t r«pr#ii®at tM® i«agji#tl@ fl®l€ at aaj' point 
C.x,y»gi| dm© t® t&e Q©il,.. tl.«a 
ig s al f cl6) 
mhrnrm m is tii© aualer ©f tiiras m,a€ I t&« ©narreat la thm eoilj^ 
tj mat ar# jr«sp®^tiv#ly tfe® s, y ,aa<i m sealar Qom^ummt® 
©f til'© aa-gastie fi©li aa-t an4 ar® malt' T©©t©jps alosg 
%hm r#»jp@#ti*® ax#s.' thm- z ©©©rdiaat# Is to hm mmmmu.Tm& «l©«tg 
tfa® «i» ®f tli® sp@etr©at&t^3P, Ir any aaiform »»gft@ti© f'le.ld 
5 1@ a€i#i «lo.ag tli,® axis mt %hm ©pe^tfoaeter tJb.# t©tal fi@li 
s | j  t s  g i i r#a  hy 
(17) 
« :iil 
t@t ^•oc, tbea Iq,* (X?| b©©©»®® 
« al j£3c-<*irf«i®x + %c3£,y»s)#y + ,  ( w )  
43 
tt M iM t®. thm mrnm oc is a.^  ama 
%m t® !.• It* |3L0) appii## t# ©it®» mmm. 
Ummm %hm tmm»mtvmf. up, &t %hm tmmmmm& i.» 
%& !•• Xt oc t# .a#1» m ©©astaat, %li#a 
(19)  
%m% I|^  m€ Jg to® 3r«»i>#©:tlv03  ^ tte# t® f©i»® 
am. mt mp vttummt «ag« 
mmM& t%mM A s oc s 0 ma# witH 
ti  jk-- /' 
#ajem«« fj.#m ^ sb s^, mmm tmm |lf) , 
Iif(o) » j • 
saefaftti^ %h9 l^aa ia a 
«at .a®gj.:##%iag teraMi mt t.k« 
bt* i^) 
ijfto) = ijpco) . (21) 
Soi-riBg St. ttil f#ar ®at s#t%t«g i%; ©%«»! t® a I 
a1 z ffh^ • c^ai 
F®r my tUrn ipif^t &®afi ll^» |a2) is 
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a ©oaataiit. " ^li®r0for® 0ii«mg@ ifi cwrreEt,1, %© f©ems 
mXmmtro-BM of a giTsa Tala« of K/^'witk mad wlthomt th@ ©artli's 
«gja®t£o fl»M is. Ia4@p»ad@at of tli® ©nfreat ia tbQ eoll. It 
toes, feowiff©!', €ep.s«€ mpoa tli# nwab#:? of %urmm m ia tii.© e-©il* 
Q,ma.atitf ..f* {0|/fCO') • is soaewbat 4«p#int«at ttp®a th® aistribm-
tiott' 0f ia %hm^ ©oil, as i®t©tmift©d hj the ©oils 
iL@l#ete.d., I t  t h m  i».gia®ti0 fialt dm® t© thm «3.0il aad tfa® 
©arto's fl®ld ar« la t.li# saa® fiirsetloa tli®a tUm positive alga 
ia 1^. (.22) is as©i. It thmy mrm tn mppmstt® dir#©tioiis th® 
a«gatiT@ sigja .is 
fteis ©©rr^eties ia tk@ ©'ttiTeiit for th& mmrth'm laag-
n#ti@ fi@i€ w&m i.®t®raia@d exf®rla«at.allj* fb# shift ia %hm 
Qmrrent .for ©^oils l»li whmm tti® omrr^at i-m tli-.® 
0©i.l. is ,r©v#.i's@€ is ®b»*'a for t%©. iai®p@iwl©nt ia@t@mlnatioas 
itt Fig» |1.7A)« ladiTiiwal polats wer® €®terjiiji®a. wltii m 
p.rob®to.l« srror of 0.4%, !•&•« average shift is 0,012 aapar®, 
Siacs® thtm .is 2a1,. a J s ©.,006 .a«pe.r®. Ia tb® ©p@ratioa of ttoi® 
sp®otr©«®t#r is dpp©«it® ia €i.r@®tioJi t© H^.» H^a®®,. whm 
®oils 1-1$ ar« ttsei a«p®ir@ is sabtra.®t©t fr&m th® Qwtrmmt 
valaes ©f tli@ peaks b©for® sakiag aaj #alsmlatl©a«, yigur® 
(I'^l mhowm tli® sMft #oiIs 11-lB ar® ms@t. Tli® averag® 
Vftlti® of AI .ia t&is mmsm is 0.,020' aiap»r«, 
3" c0.rr®qt.i.o.n for ratiatgr, 
Outsell, lll.iott ami Ivaas (5) faav® ahowm that la 
til® ®bs«a©© ®f ®|jli®ri©al a.b«rr®.tioa and if tlie souro® has the 

















Se 0.8 mc 
Coi ls  i - iB 
Pb Foil : 37.0mg/cm^ 
Annulus;2.l cm 
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Se <^0.8  mc 
Coi ls  11—18 
Pb Foil • 3 7.0 mg/cm^ 
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Fig.  17 SHIFT IN PEAKS DUE TO EARTH'S MAGNETIC FIELD 
m %hm ooiiattr wiairow thea tli@ sfeap© of the 
tfaasaissisn urnrv© of tli# ®jp«(®troa@t@r is appfozlaately trl-
«ag«ifup», 
gm««-jray® pasislag i@«t foil radiator 
pro€tt.©# app.r0Xi«®%elF tli© .««»# amafe©r ©f pfe©%o«l®®tr€>a» at @M 
folate %& tb,# foil.., Thm 0l«eti'®as prstme®! ©.a %te@ ml4© of 
thm fo,tl fat@l»g. tko ratl.©®.oi&.iv® g©»re@ aaist pasis 
f@i.2. .la oFd## t® r#a«ii %hm mmMtrnVm; la pmsglag. ttejpomgfe 
foil reus los®. a ^•rta.ia aaomat ©f ©jaefgj^ 
^li© #l#©tr©as jproim©®^ @a sit# #f %hm foil fmeiag tit® 
*111. bot pmss tlif©ttg&' aar p^m^t ©f foil la .r®a©.hlttg 
to® aai ta.«ae# will tb.e .»8X.i«iia #a®rsF*' As»»asl.»« 
^feat tto.@^f©£l Is %toim ©aougfe so tfaat itoa® ®f t&» ©l^o-tmas is 
.l^.g'fc toy ®0a%t@Fia.g,.- %h.m »m«attta sp#©tjrttm w.ill 1# titat ©hiciwja 
%m fis« ix$a), wh©r«- a»t f®pr®»«a1* .r@sf«etlv«ly %hm 
aaxlMa «at miai-MM M«®ata of thm pli©to@l#©t3r©as ©oaiijag fjp©« 
tk@ l.@at foil ratlat©?*- sprami in a©a®otm» i® 
fey a#' ITJfe-® trai3.sffli®sio.a omrv© for %li© mpmm-tr&mmtmr 
1« ®.towa is Fl^.' ClSB), whmm 1® msmmm%mm ©f tii©. el@@l»i^as 
whlefc. er« oa wlaAow ©f oottater,- I^.@t % r@fr«@@at 
©a@-ii-al,f til® teas# ©f tb® tj?l«gl«#' &#n tk® total spread la 
i»faleto e«a «Bt#r tb® @©ti.at«j? wltt.iow Im tto*- D®iits®ii,-
llliott aat Ivaas 15) mimmm %hm% 
- to » kf^ , (231 
wto#r« K is t.b# r«solmtloa of tfca laati^aaaat as tto« 





















missioa emrv® Is ^rofortioaal to aoatentaa ©f th.® ol®Qti«>as 
wklek ar« fotused OJI tli# window of tfe® 'eo'iiatar, 
Tkm shmp® of « lia« is th®a obtataefl pasrdag tli« 
traasalsisioia earv# of«r mm@atw ou^rm m iaiioated ia 
Fi^. Cl-SO), ar®a ooaaaa to tetJi ©arves is proportioaal 
to t.b© ooimtiiig rat®. 
far tbis f as® mhme ft > a »® »mrm sets ©f 
integratioa llalts ^toJl *a,st h& %Am l&%& a©®#aat la pass-
lag %)m traasfflisei©a ®mr^  mmplmtelf m@r lit® M©a@ataa s^rtai 
%, Jtg • . • r@,p»«'S»at %h@ jmspeetiw ar«as. 
®h«. lifflits Qt lat®gjmtt#ii im oh%:a^&lm % ar® ® ® 
IP* 
% * ^ % - 'X + ¥ " © w&et-® e s 1 + £. 
Halts -of l^#.g?atl©:a f @r ail ttis- arsas, as tli® traas-
Ms st®.a mrvm mrm tmm l»t% t® rlg^t •©•e.r »i»atma. 
, ©ar*r®, la fatel® 2, w&®r® t s I -
•fabJ# t 
Llalts @f Imt«gra%,l©a f®f a 
•  "  ^  • -  . . . ;  . j _  : . i  .1 : ,  . . . ^ - j i r i i , .  a / - . :  -1 . . :  r . ,  . . j i  _  ri-• . i . . : r r i r  ; •  i l  T  . . • • •  . - -  " 1 •  "  
jgea liait ^ ' ' #®^»3P llaii 
% I > |a^® 
a-i Jj/o P, 




Wm &ma.m 3Mai]i«4 a3*« tekiag %%m 
tifttsiiisaioA. «&t ^mwrnm mm mtt&tr* 
Ai * O 
• - Pq"^  , h »?» 
*2 .jy * 
*3" + i<^« - p«) 
A4 = -^^(pg • 1^) + ^ (24) 
^5 ' 
 ^» o 
^ tlAii 11a# sliiyp# wxm %lm% 
iiktaia«4, ®a^#rla»atallr, a ewmm^ mm % » l@, 
Fa » f.7 K « #«#24. m^rn « • l«©t4 «a€ € » ml# 
.r«i«mltlig #«nr® 1® sM®m as- « lia® la *lg. C3.f |-. Mm 
m^^iam.mmmx alm:» <mjrr« © .Hg*. (fit mm%i.mtw%m al0ir« @#A<* 
€1M@^ is BlBmmm mm a mlM. Mw« tw# #«7T0S mm s^m mt# 
t® fit at %3m paalpi. ai^wafit l^a tmmmtt&m alt# 
#f @wnr« Sji li^jraaaai. ei^matlag s^ata ©a 
low* ffii&flMiatatt a 14# @r mwevm la p]r#^a%l|r €ma to atafag-
gll^ «i€ lia^ saattari^,. Wm i«jp®rt«0i@a &t ®aa& f«et#ira la 
si^^sta€. W w©3^ #f Wlilta aaA MlMli^toA. -{aa)« l^a aataal 
woataatw €iatrlbttM®a ©t tito #JL#ata®Aa tmm t&a t@ll la aar-





^ 1 8 0  
cn 
1-140 
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Fig  19  THEORETICAL AND EXPERIMENTAL 
LINE SHAPE 
3x 
aad s6«tte2'iBg wi.il aotlty %hm low sia« @f mmrvm* 
1# t® t h m  m h m w m  tn ajr^tiri^ .at & 
f «©*©» f @i? t&» jrat.iat^. 
^ pmmm. &t t&id 
mt %hm. mmm wl*^ mm mm% •tttal %© mmm^ mM 
»#lv#.€ tm %• ©ttJlr mwmm having a aaJdtai» i» Thm 
stipsa ^1. .In 'H. wfcsa 
s| « l| « Jtlf + j|). (25) 
mM^m. is %h@ msmA%wm &t ttaa- fa.€^ #f lia«« ^^ati-
t9^m '^a • C'25l aa€ s^lviag; r®.j» %..,. ^Taa 
IW = t + Pp ^ 1 - t^f-
•fk« •alma ®f m/wp tmw #-i^:ri«aatal @»xw %& *!©• flfl 
is 0*0S, Si^a it/F^ i.a ttiall^i^^aaa hm. tt^laatat* .Bsfiaa 
^.« im} ^a@.saa 
%«% + § •  
f^is a%ma^'«m ^gliras ^a tttaAtitr »tts^. hm- at4#A t®-
giiPt t&a naximat: p.. mt %km alaatWAs* X^ttatlaa 
C'tf I -atataa t-brnt oaa '^If ^a la memwfttam €aa ^ %hm 
ira.i:i .i^«% INII .»&€.#€ %# t.l» s»3m«a.tem at <tika j^aak to gat ^a Max-
Smm mmmmMmA* Bt* t^7| va». AajriYat far %&a aa.aa 
whm hy & it aaa ^a mUmm ttet it i® mliA tm all aaaaa witaa 
a. is. »l«i.la# %& tikat i.A#iaat#A. a^ima* 
bu 
quarjtit^' m e&n ealatilsted froa thm loss ia 
energj of tfe© ©laetrots.t to passing throrngb e,yjtli*© foil» 
Im praetiee It ig sliapl#i* t© e©»v#rt Fp ©fjergy mults ©»€ 
fv-on atfd t# th.is half fefe® ©tjergy loss of tb© electroxjs in ©ass-
lug tlir-oiurrt th# foil* An exfcp-eiiely inaftll error Is by 
febis pF®ced\;r® sla©® « is a small fr«ct.i©n of Pm* ®i© mmxim^ 
«i5@rgy fiai is- fcb«rj glv®n hf fcli.# «Qms.tl.o». 
^ ^ |£* CS8) 
wfe®r© Bp is tUm &nmTgj rmpr-ms&sate4 toy thm pm&k' of tfe® Itu® «»€ 
Sf is th« l0s@ In of 1"^ e ©i«eti*oBs in pftsslisg tfero^iigfe 
tb« foil* 
?© efe#--ek ©B tfc.# »Mft of tim peak wltM ii5er#.«sing, 
foil fc.Mcto®s«j, a 'a-eriss &t f«bs w«s mm&m on ttio 1»1 M©if Zn®® 
,garaaj«-ray, Bsiag foils -witis. sarfse# vapyl»g froa 
6«.4 iog/#«® to, 14f mm r®®ial%s ©f® -afcowo i» Fig* im}* 
Bxe«pt toT ewTO t'-e peaks ar# to lo*@r ewr«»t 
falwas «s fell# €mmaitj m€ %b« ra:dl«fe©'r Is iRer«as®d». 
la Pig* CS^ll tlm eviTrmmt at t.be, ip, l# plottea mgrn-lnrnt 
•fefe® SMFfg©# d©n#i%f of tfee foil# Thm ©ttr^-o- sfe#W8 that th© 
sMffe of tfe® p#alc Is pt*oporfeloiial to tbe siayfaea 4®i5sifcy of 
tfe# radlato-r foil tip to m giMpfae® density of ab©«t aig/ca^, 
•TThis i# la agF®©itie®t with !%• C2f):» »,« lHt«r©«pt. on tp 
axJa Is tine position of thm p»«ic for a foil ©f TOr«> tMckness* 
Tl3.® •value of tbls iut«re©pt Is 4..&S4 mmpmrma* slop® of thm 
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A M P E R E S  
Fig. 20 GAMMA-RAY LINE OF Zn"" WITH 
V A R I O U S  F O I L  T H I C K N E S S E S  
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F i g . 2 1  S H I F T  O F  P E A K S  D U E  T O  F O I L  T H I C K N E S S  
m 
©^watlon of tfe© straight lin# Is given tb® «<i\siation 
t p  ^  4.SM'^"l..?e X . ( m )  
w!-.®r6 S is tb© smrfao® #f th» f-oii i.n ii.g/®ia®.* tti# 
p}mt©el«etroris e.t®et»4 fpea tl"® K ..sfaell ©f lead baw as ®n«3?gj 
©f • 
S » 1.11 -• a .at !.'>£ *#•, 130) 
wfeer© 0»it !l®v le tfa® feiriMag ^xmTgy of tli® K alssll of l@ad, 
0onira-rfciiig 1*0# l©v to H|0 tanifes glwen 4S1# .g®'tts®-»C5!a« tieae®, 
tow tti© pF#s©i3t #tse«s«ioa, mm mmj fcafc# th& ealibp»tl®» of tfce 
iiist»rwa®nt for »r® "tti£elci}«gs: as . 
mp m 481# I. ' im.} 
'4"VS3S' 
Sta'bgtltetiag iia S%» |®1| aad taking fch# dlff«r#i3tial 
glws-
«/>.« 481^ 3c i>?6 3c iyi*%s .« l«#f <1S.. CSE) 
4^554 ' 
Tak'i»g tfe« €iff«F«.fitial of feofcti siaes o.f m q *  ( 1 4 )  
®»d solving for .<11!gSwes 
«P «V3.261 8^99 K in''^(bpr m» (33) 
8.99 'x Ef 
Sttfestltiatliig Hp « 481§ ga«:S[.*'-e« ,glws . 
« S,b3 x 1#^ tiK* <S4) 
MeowAlng t.© H6l tl«r (?| fcte.« ®v«.rag« loss in ©ndrgy of electron.® 
of «b©iit 1..1 '• ev 1b p«#sifi:g t3rir0ia.g fc  .matter is glwmm hy 
m « -i^m m , iss.) 
wkmrm <a3 l.s th« starfae® ot fcfc© f'o3,l .in iBg/era^* 
Si' 
Substlttatiag Wis ,ttj Sq# (54) gives 
i m )  
Equatioa (SB) .glv®.-® th# exn®3f^im«»t«3- stilft in HOM««ti30i of thm 
p«alt o.f fch® lin« dia® t© fcb# f»«.dfat©'? foil o-f gwyfae® d^ualtj 
dS ag/eitt'^, g<|«:«tloij las) gi-wmm thm. ©alemlated los® In in«ra®utwis 
of tiae iw p»s«ing thTough %b« simb# f&il*: tti.® o©-
of Sq«. (S2| Is §0.4^ ©f t,li« eoefflcient of Eq. (SS). 
flils Is v®Fifl08itl#« <@f "qs» |Sf| m'Rd (g0|, from Fig.. (SI) 
It Is momm tbftt thm tereaic In tti« l'i»# is a%otst S® ug^/oia®,. 
A r©il ©f tMs iiwffa.e® "ierslty gif®s a sOT^uttja spread of 
of tb© wMeh &i.m sp©etr0«#fe©r will mee^pfe 
tb# coBditJoBs wtileb fch« flata w»i*e fcaka-s f or Flg®.» ' (iO) a»4 Cgl)» 
fte® of tk-« spiteti'«H®t#r for "feMs e«if#. was IC « §#Ci24» 
Tbm for elttslo®, ^ 1® that if* tki® momemtmrn 
api'ead which II © will »ec®pt is %b»in ttm 
ffioMentviB spresA pro^we#*! by tb.« Jf©!! -febena thm sblffe- lij fchs 
p««lc im on,© lialf fcb« a0aj®ntvT>i spr«ai. tf» thm foil* lij otber 
WBT&m.^ to e«l«Tal«fe« tfee fflitxiinffli- frnm^ fch® ojf 
tb® p#«lc •mmm Bq» (27 U. 0f, inor# ip#«fllly , fe© cal#Tal«t« tfe® 
«n#'rgy :fr®» tfe# ®R®rgy o.f fch# |)#«lr ms© '(.S8) • 
In sajiy ©«s«« th© &nm %o tb© foil la 
QVBntBv than, thm moHt©.RttJBi »pi^®ad wfeleb tfc-@ Instyiaa^nt: will 
8©e®p%» - T<& eal©«ls.t© ttee e©Tr@et;ion Im this eas# tli® trang-
wlssloB muwrm w»s pA.mmmA owmw thm tli#or®tleal mommmtm} »pr©«^ 
•&m& to an irifi»lt©ly thlek i»a^£afc©r as afcown 1r Fig- C18D)# 
Aettially f'0:r tM^-lr foils seafe"fc«fi»g will gr«atly re^iwee- thm 
5? 
mt mlmmtm&m at Htls hmwvmjt will m&t 
mX%m tb® &t X& %ki» ®mmm therm &r« 
r@mjp- fi^©a« &€ lats^attott. mrmm-m &t tl»s® t&mt 3?«gi@a» 
Sivsia wi-lk t i m  lii^-t:® & t  lal9graM@a* 
A£ « KPo, O 
. '3fo I>_4® P_o IW _ /> 
a |  =  t t  • •  t c - -  a i ^  J37, 
, xA« 1 ^ Ik 
•^ 3 = ir(2ss" + 
a; = 0. ^ <1., -6^ 
area m wmMxm& iM Jl^. ^iir aa»«& is 
a a^imoiii 
.(3#| 
i# a@9ismttta mt tito pmw^ mt %hm iim«« Xm 
mojmai mprnm^QM K» tte hmlt^wlAth &f 'Wm %wmmd.m»M& imrvvp 
is 0.#3. W^mmiklm miAm ®f St* II® 
tm t@»s ©t tite s«@@M moa ft Hi bmxrtms t&f IW 
giT#» 
^IR * ^ ^  J ^  J 
Bqm3t>i#& 139) mii #a bftsls {»lf a& iafimitelj^ 
Ikiok foil. Bq. 1191 l&©Ms f>3r#7id#€ tlt« sjp3r#a.S 
ia ji^iitii'tom ttt« %@ tlKs I'^il Sm t&an sf x^ai. im 
ii^msfitett ^ m]^mmtmm»%@w'mtxx i«@. If myzh* 
I& tMs 9a*«». sMift ia mt lis# is m @@ms%aJi% 
KPp «b©r©- Is tb© of ib« »ealc of" tfc® 
11.15® aui: .1 1» tB« F#..S®1«M«WI &t tfc# @p#«tr©ffl»t#F as 
brnlf-'wldtt-m 
To ®te#elE 0*pe*'l»«at«ily ©a "q, IS'^O tfe® p««ks of s 
.gsfflma-ray line of emmg*gy 0 *2BB wmwm €m%mTm±mm€ for •rariom.s 
l«ad foils ranging la .gurfsc# fwms §#® »g/©a® to 
54. *S »g/©a^, Hi« F«.s«i.ts ai'« si!i:#wia. ia 3, th© 
smi^fae# iS#j3slty .is sg/im® «ad Ip Is tlse cwF®ist »t tfe# pmmit ©f 
•fcl3,» 11 a®,# 
'Mbl© 3 
©w,rr©.ii% v«l.tt©« ©f pemks foi* 3.@«d 
•mf vary tag swrfa©# 





OQ ^ jC£7 #. i 
37.0 
S4.5 
'Hi,© peeks ar« not furti^er fey msleg foils with s«rf«e« 
4©iasit.i©s Q^mm%.0:3t '-fcliaKi 11»3 Bsg/©m^, Itsls la In agi»®#»e3nt; wllsla 
CS#) .in thmt sMft #f tie p«sfe .t» a eosstarifc wtos-a fcli.® 
iioa#i»lst® swT'mmM €me to t^© jf®!! is g^wrnm^mw ttimn thet 
if} fell# f©ll giaFfftft-® d»ssity 11*1 , * 









of thJB p:®ak glwm m. momenfcta mpvmmA ©qiial to tJiet wbleM 
tfc© tpecfcrosieter a#©«pt«. Tfe# ealet3,l«.t«'i swfse® Ammslty 
t-oit a foil iii®«%li3g this e®ri€£tJ®is w«ts 9»© Flgiir# (21) 
Is addl.tt-oual. !» smf^port ©f this feh«oi?j, mimmm thm 
qmfwm h&m ««ip® slop# a smrfa©® of ate©ti% 
62 #ccorill»,g. t® tti# tb«9ry pr©s®iit#d atooir® tla© .slilft 
in tii-» peak, tw&m thm m&rT«mtm-A ©rdlnai® lu-taf^e^pt ,C4:,52i anp) 
•fco ttm ©©.rrtefeed valia# -©f tl«« i90i*ig0at«l p«r% of fbm 
ciirf® C4*4SB . »tp,J is -in# -©aly %o tli® I'ss^-ltttlosa of t h m  instip'a^ 
ia©fit « Sine# l.s-ppep©r%i ©w«l t® l;fe« cuFreiit, tb® 
r®solijtl©*!. of t.h# . sp#et^o"^©ft«r m m m  
- 4.#4E®| W^/4.mSBS « U.«lng .« fey 
D®mt.s.eh.j, arid Kvw® (.Si fof tb# r^ssoliatl©® of %li© lens 
®p#©tTO®«.fc©F, %b« eslewl.«t«€ F«.»ol«%io.n Is ft..ls Is efeo*ife 
as fl®e>€l »gi»ii®»«.n% aa, ct-mm hm. in view ®f. th® fe.«t t.hmij 
.spfeerleal »to«i»r«tS.oi3 mmm »©g,l«e%#.<S In tlm d«rlwtios of tb® 
foriBTAla 
T& mmn erls#, fch« eorr^eibiens t&w- the radiator foil -
»ra ias<i«. mm f&XXmwm*^  If tto-« m&mmntmm <!Preaja wb.lGli the gp®cti»©»-» 
»%«p will a.©:e#pfc' is r«p.r«s®.rt©a fey MMft a.R# thm mmmntnm. spi?@»4 
a«« to th9 foil by aft, thmn, it tHe 
momestii® % is C8lciil«t#4 "by «s« of Eq, |2.f ),. la %.M» ee®-® 
tb®. pesk fmm ^#«ri shifted by as wmoiaot ©^mal ta wMefe 1®. 
hmXf '•I'e a©s©nttiffl. du# t# th« foil.*. Of., ia©i># r©a.dily,. 
tfe# mamimw ®n.@rgy is ca.l©i3,l«t«<i l»y iis# ©f Sq* (2®I, wi3.ieli 
m 
energy Is ©qual to tli« ®n«rgy <af feli« 
p©ak of tfe# ll-»® It. I o»« fetoe #.B©Fgy lo«s ©f %fc® «leefci?««s 
is pa^siiig, tlb« Ffttifltor foil.# If !^'SPl /%^ then i® 
«aleiil«t#€ by «s# ®f E^#/ (39)* lis «.fi3«fci©B states tfcat feb® 
aa.xisi:ra iioasatiiii is ©^nal t® the »o»®;Hfcaii ©f tlis p#ak 
:iialtir>lf ed tfc® fAcfe©!' fl • S) wli®!*®-- K Is %fe@ of 
the expr«s»«i-. as 
la ttir©a® eorr#e.tlo-a« it Is savisabl© mhrnnmmt 
poasi'bl® %o i2»e « r®ai»tor «li©s@ aiarfae® Is stteb. as t© 
pl&e® tl3:Q p.-mm'k. aeflnatlvely ©b ©a# or thm #tfa©r of %li® 
stPft jr^ifc p0rfcl0B» ©f tlie ctarw in fig. 12:11 • A •gsiall ®rroF 
will li® iutrodmc-e-a If tbm p.#alc is at t;b« b©a# of th.® omrv®» 
"Shm c0i»r«cti#fis f oip tl r rftdiatsr f oil ar# ®ls® 
applle^bl# to m soerc# #r lU:t«.Frj«llf eomrertca gsawaa-armys. 
Siis will in t_rciit©.»» detail ia!i3€®r tb« Ii«a4ii3g 
S8^6. 
S* 'In#:?®!#® o t  C®® ,, m m d  
1» • 
1H3,« ajiyiibHafctoii radiation n&A skmwm tm S'i:g* (IS)' 
wag tig«d to eallbrat® tls« spftetrometer* *515.0 .re«©liatiop of the 
mmm «te©n tfe@ 4:R%« »k&mm tn CIS) w«r®. 
©fetal»0«l» n-« focal Xength feb# was S5 ©in 
«tiid ttj© a0iapeo arid eomntmw S^l ea .fy®» fclte mmmtrnw &t tim eoll 
m 
f0F ©I! pr«s«at«d I13. tMs pap«r» S^ibt-Fsetlng fcla® 
bindlrfc, ©iiergy ©f tla# 1 shall of l«aJ fcba *8 u® o.f fcii® 
ra€i®%i©ii3> cofSTOrtlBg tM® t© MP \2iitfc-g ss-fi «mk» 
Isg tb@ ©o:r»©fci&ti foi* %li« sbift of tfe# p-eisk a«eoi»dJ,Bg t# 
S%.» Is©I .gives m vmiMm of Wm mtmmnknm of fciie aasilillation 
rsdlafclon peak ©f S5545 ganas-aa#. Sut>ti?«etlrjg 0,006 mmpeip-m 
fFoet thm w&%m% of th# pe«k t© e©i»i*©.et tmt fcfee ®«rt-l5*s 
mag»®tl« wMefe wmm opdos'3 t« in •il.reefci®a t© tbm asagn^tile 
fi#ld of M'e eoll^ m m a  m p p l j t m g  Fq, ^  w m m  « 'ralta© of k 
to Ids.! gaiisg.--®ii/aitp« lf#fic©,: feh© aoiie.rtt-offl ©qmafcloa of* 
tbo lR»t-rtia-#.i3t for tb# a%oT» y^solatlen Is 
« 10611-.. (40) 
fb® emrrest valtt® of tfm. peak of fefe^ lis® pFO<3Tae«d 
g.aiBii«-raj Ss 4»4S5 «iap©F®s, Fr#a mnmt bo subtraet©^ 
0#0^6 t© e©ipr»0t fof tfe« «.arfel. *a iaagn«fel© fiiiXa.* Btsls gives 
4.449 ®p#f«e«* Tills *alm« of I gtabstJ%tat®d Ijrj 'Rq. (40) .gi^s 
MP a* i-.fgd gaiis»«#:«• tlsiB.g. (14) gives Ej- * ^*##4 Iw, 
wii#3?# Ep im tb# ©adrgj of tb« p#ml£ of thm lime* Aeeeu'din.g to 
H©lta.#F (f) tfe© av«rag« logs In «n®rg^ of .1 Mmw ©le.et-roi3s Is 
passing tfei'ftttgto a. .I©s4 fell, of ,aurfaee 4g»5 ®g/©ia-® is 
.giw» by l#fJ5 a: 4g»:i x l#"*® » ^*04S M«*# Ifsisg 1»q# |g8) glv®s. 
^ s» 1»016 Mev. fo tMa mmmt be fefe© bltiAlng «n@i'gy In 
t.h® K shell of wMefe i» ^.Oe® Key* Tteig- g i v m m  a ^alti© of 
1*1^4 *'-©v for tb« g«min«-ra.j eaittfld toy la^^, 
Makl-Bg sialliar ©sleiila.ti«g tieiiig t.li» iralti:#® 
of the peak# for fcfe© £ »Rci % sh«lls '©to-fc»lis#5 fttm Flg» (15) 
if . 
mt l.lOi ami, Mmw thrmm 
mmmw& mm la wmry 1^# air@img®-
eii«:rsj ©f 'sflwaaa-ray 1®. i.lC^ 'Wm-. pr#ii®fel@ ®:i>»0r is 
t# 1^, Si® s-f I® m m .  
j^mtlon -©f -tto® -rasoiuttea #f l#M«., IRfe® 
&n®r^ mt g,«m'-3PaF :f»», %fe« saiEl»«a mt tto® 
:jp®Q0iX is 1,.12 .lf®v* ®i® valm# 1® a©% mm «®®«]pat® 
as. ttos® glvea. abov©, 
•^P^® -fttev® val'ti® .Is Im «cr#®a»ii% wi.%h v«J|.a®» i?'#p@3p%«€ 
hy ©tte.®^ .is-restigatolf®* aat S»«b@i'g |12) r®^3?% & 
Tmltt® #f .1.0' mmv toy tte® Is-at •ii®tte04. ^3a4®irl3.1« 
•m€ tMlbrigbt |1|| r®jp#-rt fwa @&3.©'«latlo.B» 
%a»@i #a. tto® #»€ j^ia%® #f tfc® a@jM®at»* 4i®^ribu%i®a @# ©©ayfeea 
rmmtlmrn ».€ 12) hmwm 
%im g_m»mm»ray #»«rgr Is ® .«®a®ti@ X«as msi 
a valm® ©f 1»I4 .;«®'r «a4 «a%|jwt® m mitmw mt #r 3l»«s. 
2- Ssf^-
^:#jr® 1« @#a®li®»W.e imt.®3p®®.t .ia tlwi •^®»ti«« mt 
%km: %W0 s®iiM.^-.*-ays w ®ltt®® i* hmm ® faijrljr 1®^ 
.lialf-l.lt® af f*f y#®y® it--.®®a^«aleat %& mmm ®® m. 
jsliaaa #«#€.• 
I* .®AAi%.li&a -t# i«*A la |3.4} mmmthmrn 
ma 4«t®*iiltt®t la fiiti®!.. tfc®. ^feo*®«3*.®®ti^,as 
r3?©« tte s: -sa# li »&©Ms it®r® »% ip«»i-r«€.# fit® ©m-Eip@fit -ralm®# 
mt •tU®- pmmkm. i.a %Mm mmmm. mmm «a€ ,5-*It© smprnmrnm 
•as 
Hi© mre mhown i» &ibl# 4:» ffe.® fla?@t 










1 . 1.0 70 E 1.168 
1 ' 1*146 h 1.164 
t • 1»235 k 1.323 
t- 1.307 - • 'h: 1.323 
1- 1»0S9 m 1.14? 
••t-- 1*S28 s 1.316 
ewmg# ®ii@rgi®s of. tM# two gaiOTab-rsfs are 1*1§0 
Mav aR4 1#3E1 Isv# til# probabl® lS'««tlmftfce^ t© 1^* 
•1D@ttt.seli.If, Slll0t% ,»ni .l:®b«rtg (4) hmw i-epopt^a falm@s 
©r 1.10 * ^*03 mmv mmA 1.30 * 0-»03 rev* Klll«t» mA GvTttmB (14) 
wlm«.s of 1#1® * ^,03 arid 1**^*: * 1*.13 .K«v* All of 
t h m m m  valwo# toaw h m m m  wttli «. aAgmtl©. leti# sp«©-
t.r©a®t®.3r.« Mtlngood a.it4 SsPborg • Illj wmp&wt & wml-am m£ 1*5 
ll®v "by til® 1««4 cfeftorp^tlon mmthod.^ MAa#«vlll€ «»€ FtallyrlgM 
(13) Tmp&m-t « •wmlnm of 1#S3 * n.og f'i»« G«-pt®ii i^«#oils, 
bBt 1391 ir^solf® %.li# tw© g«siiii8a.--r«y Wmtm&R, P©0l 
mrM wmwhrntrnw (1B| r#pei*t .vml»«g of 1*S ^ QmM a«v aadl 
li? A. ijy tfa# l#-ad a%«#Pi3fet©» ai«fcb,©d* 
44 
l@iy«jpts ®a-i, Siitett ft), C4) 3?©^a't a ml-a# 
tmw ll.%k mwy weme^m^t mrnrn mm^_^%hm l&w®r ®s^-gy ©f. 
ix*w *#v)* -1&« 3?«salts ©frtata©# s.& th# ia-res'ti-
fr®.ti@a gHw m wmlrn® %m 9m^^' it,x5€ M#v) tife&a l^o 
M«V.».|-» f»- ©©ai^r# €ir®#l;ly m s^»:©« mm 
Qoasisting #jr te*M sp®©*f«» 
.#%tatii«€ slu©w#i #©ael.«»tT#lF tliat th® mmmwmy tJfe# g®Maa-jr®y 
t w m m  i ®  3 L « « ®  t i i a s  m #  l ^ w e ^ i p  m & e w b y  t m m  
3* &ez£* 
A ©3f s«- .pr«js-«#€ a#at»a ©f 
«%Al w».« fomad *© ««i% a©t ©aly .gerama^yAys,. . al-gi® 
«l®#t3P©m^ €m# t© iate^aal ooiiTepsl,©a» • 
la %&» ®®s@ istem-ull-f e®frr®rt®€ gtt^w»i«ys It 
is €#si3pa:te3,« t© tof# s ©f" smrfa,®® «i@aBit|' •&!>#•«% 
1 «Eiattt®€ oa ® tiiia 
iJt th,® sp«eifj[© aotivity 9t the s©'i*r«® is to© 
mis. is m% t©-s@itt®, m.m& a mw^mm to-® 
Siao® tiM© i:at%«Hfa8li|F' mmmrtmA g«*wi-3p«j® . a-tei^at ma 
®-f mm -aii p©i«t# t&# ,s©«r'^.«, 
thm tor s tiiick source la t&is mmmm air» %li# .«a® 
«s wh-e» a •i>a^€i«ittoi' is t# •ofet.mija %ixm ^ofe3-«i«®.%roja®. 
.ti©-r %Mm %w& s©®»##» ia ^totmiai^g dat@, giirw 
ia Fig. ilSI «ttt fafel# 1:, AS/Ogj> aK/s'i^ whmim im m® «©»©&%!« 
.®p#®ai pt®€««••«€ tai# •sQ'^r©-© aat. is tM#' 
m 
which tiio will aecepfe. is w.ri.fi«d tyj th© fscfe 
tfcat tfc® ewr»Bt 'rsluea or tii# peaks givea im Plg» (IS) &«€ 
faljl# 1 ar© pftteti®al.ly ttm saa#,. mltb©«gli. »©wce used f'GV 
fc,b» date Irj Fig* (ISI was about 24 mg/&m  ^ mn€ tJaat f&r T&b-lm 1 
sboiat 12 mg/em^» Kq# CS#| 1» to eorr^efe .for tb» 
shift Itt ti & peeic of a 11 »© ai.e fee the rdsoltttloti ©f tli-© spee-
ti*oia#ter. Trgiiig tl~e av«ya,g# e«rr»»t 'wmlvmm of pealca, tli.® 
tfeo jtlv® gamae-raj« ©jf S®*^® wiifi»e t;# 
thQBB «feow® im Tmblw §•» 
• $ 


























ia5« of © g©«a«-r®5's ©f as ealemla%©4 
frais fcto# cS«ta' sfcoirfi tm fig. il@> in wlileli « l#a^. rs4imt»r was 
iig®€ mrm Mhowm %m *f»bl® €• ©orrectl orm for tbe foil w»r« 
toy «p'plyt»,g, C39|»' 
m 
Table 6 
#»«-rgl»s mt f:r©M 
•pl3#t,©«l«e'broas tTma. la»# foil, radiator# 
Corrected Si ell rsnma-rsj 
Stei»«~^ray .. ©toserTOd m n m r m j i  (Pb) ©ner^y j ^ x e m m  m e r m .  
Ke-r %10w 
» 0.1224 L ^>•1382 
S ^.1354 0.1372 $,lBf'f 
4 n.lYSB K 0 * 2 6 4 4  
4. n.g506 I 0.2664 
S 0.3106 0.3982 
:§• n.385 7 I, 0,4015 n*S998 
ffe@ mwo-rmgm #a®i»gieg til# gmmm»w«js- tr&m 
are glTOn tfi TmbM f* 
f 









Th® pi-©ba:|jl# Is eetl«at«a to "tea 1:1 • It Is to 
%« »ot#d trail tb« «wa of tti.® 0:f g««iia-»r».ys S »n€ 4 is 
%« tli« »f .gaaaj®»r«y 5. la sdditloB tb® sua. ®f 
tla« @a#rgl#:g af gaia»«*'i*itjs 2 and S- eenwofc l»® «i.ili e©n— 
fi<S«noe feo froa Qiat ©f g«airia-:ray 4# 
Slae# ttosr# Is cmcli goofi «gr®«a©iit tiis ^alisos 
ealemlat#^ trmm lii,t«.ra&l «oaw3?si©«' a»d twom the l®ad Fadl.at©]p 
this lencs to tii# Jmgfclfl©®tl©» of making tfe# eorreetl©»s 
for tb« f®il aad imtmwme.l mmrnvmrmlmn man.r&» «s €®s©i'ife#d 
a 3ov«t 
Kent, eoi»lc «iid. (9) Fepoft. obs#i*¥l.ng, ,i» « 
1^** spm&twmmM-mw-.0 at l«ast ©igtt g«iaai-a-r®ys below lev 
trmi s© pTmpmm& #®tit«r®« &OToai*a»«at of 4g,«' ftiis mmm 
ip#port®€ la aa sfestract wMeM w«# Bot f ©Iloif#d[ fey 
a -d#tall#€ ©orrohoT^t1 ng paper. 
Se,!*©!!# F'ri©^la?5d«i* and Ife^rkel (19) rstporfe that 
sewr^l g.aini«-r«yg *®r<® f&mmA f©r fey «bsoi*pti®a in 
iHClwding a.a i»t®na® 0ii« off' sbatifc ^S^*4 @l«Bd>gniis and 
©est fSlj, (61 raport &t* 0*1b uew «»#. H«t fsr Se^®* 
ilies® f©:ltt0.g «#!'© from Issd al)sorption 4.&tm» Wm 
^eta sbowii %m Flg» .(IS) sa4 fabl# 7 el«arly sli:Ow that fi're 
gaiim«-3f>ays al^oip® W "kmw mr# ' 
m 
. V, A§ES"0mi»i«iWS 
thm attttor to @xfr©s® a siaser® th.»ak® %© 
©r, l,» J". f©r smgg#stlfi« %li# jpretolea an# tb# a«ar 
valmabl© .smggostloas tet-isg tli® ,pF©gr®®s of thm 
Aekaow3.@Agffl@ats €tt® Ir, 3". If, E«ll#r f©r 
tis©ttssl«3ims •©« %.fe# ©f tfe# «jpe#t3PO-ii@i5®rj ©3?^ B* 0. 
Martitt an# Br. A. F. ¥®J.gt &t %hm^ rati©-
s©ttr@#«i »?., .Wa,, f©r €®sigalag aai ##a®trttetlag 
.earr#a% ooatrel oirealt «€ as^istiag with tli® t«kiag @f 
€ata; Mr. E« B. 'tdaefeaaa aa€ Mr» ,1.. e«. Sk«r for mnmtruQtlwm 
thi# 0«lg0r»lia®H.«r ,©omat.er®| 'Mr, 1. A* Gmlmmm^ .Mr. S, B. 
Kirk «a.i Mr. a. 1, Hlltemra ©f tli@ Iowa S%at« ed.ll@s@ lastramefit 
for tfe«ir @o®p©rati©a dariftg th.# ©ojastrttstioa ot thm 
ap#0troa©%#r;. a»€ .Mr., !• S.« Satlibtt.a for asBt.stiag with t&© 
ta&iac oi' 
This worfe wa® t&a# la «.@@or€«me# wltb e0Btra©t 
W»7405-®ii^-i2 fe@%w#®a life.® At©ai@ Sintrgy a#fflaissio.tt ®.n€ *li@ 
l&wm Sfe«t® for At©«i© S#s#«r©lt-,. 
if 
1^ . m* h^mr dim Wiatojatsw#!##; €#«• 
bei der Brauasch@n Bofep®. 
AToHiv fSr llektrot«ohalk, I#ff«3«5f4. 1927. 
©®ttt#eSt, M., Bobdjrts, A. ®Ji4 Ullott,: I,, a» • , 
tt®m jy&ag F©yi®€ I^slsal. a#*ri«w,' 6l.f'3»f• 
• 
62s5^# 1942, 
4# K»,'•llll©tt,. !»•' #• aaa a©te#3?t«, A. Msiafegi^-' 
%t®ii of • latloa^tiv® Smtos%«a®#« fUl* 
mysloal 68af3-197. 1945. 
$0 Deutseh, M#, llllott, L# 0# ®ai R. D, Srans. 
X^eaign aad Application of ft Sl^ort Hasn«ti® X^as 
Bl®®tJPoa Sp®®tr®»i%«i'* Msmtmm of Seiaatlfl® Zaa^tim-* 
mmmrn., 15sl?«-lf5» 1944* , , ; . . . 
6. 01ead®aia» L. 1. and E* Pil® Fxroduoad 
ActiTitios of Sa, Os sat H®a®at 43. 0<3-33S9!X:: >»13* 
1946* 
f* ,iE®ltl®j?, W* fto® ^uaatma laisorjr of Eadlatioas# Wm 221. 
Oxford tlalv®palty Pp®»&. 1936* 
«• Isoto^® #®iwiitt8®* Avuilafellltf of aadioa^ti-r® I.s@top®«». 
©©ieao®» 103:697-705* 1946* 
9* Keatt t* V., «©3Pk, IT. M* ®M Wadi^, W. aadtoatMir® 
S®l®tti.m from A3r»«a.l@* .lby»i®al l©vi®w,:-6l..t3^» ^ 1942.# 
.!§• .Kl®sfejf®r,. ©* 1^® H®® of Xl®@tr@a I^a®®s'foi» • 
Wm Ioadoa» Bdiaburgli aad IMblia Pliilosojplii®®! 
2®t 78f45-561» lf35» 
.11* MTii^o^g #• iT* •®3^ • Itodl® 
a®ld®ir» 1^.11147-®'^;. i93i 
12#, M-ria^d# I"*'.?- aad S««*©pg, #* f* .aadS.o&ot.l-r® Is®#®^® 
®f la. »ysl®al S®*i«ii#, 55S457-463-. .^939.' 
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